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BIOLOGY OF RED-NECKED PHALAROPES {PHALAROPUS LOBATUS)
AT THE WESTERN EDGE OF THE GREAT BASIN IN FALL MIGRATION
JosephR.
Abstract.

Jehl, Jr.'

— Large numbers of Red-necked Phalaropes migrate overland across the Great Basin

in fall, occurring
Lake, California, from mid-July to mid-October. The earliest
migrants are adult females, followed several weeks later by adult males, and finally by juveniles. Adults make up ca 75%
!)f the population, with males outnumbering females by 5:4. From 1980 through 1984 an estimated 52,000-65,000 birds

commonly at highly

saline lakes. Migrants occur at

Mono

when only 36,000 were recorded. The low number might be
on oceanic wintering grounds in the Southern Hemisphere in 1982 associated with the
ievere El Nino. At Mono Lake the phalaropes concentrate near the shore and feed almost exclusively on brine flies. The
migrants neither gain much weight nor accomplish much molt during their sojourn, which suggests that the average
itay is only a few days. Some aspects of the molt pattern differ from those reported elsewhere.

passed through the area each year, except in 1983,
ittributable to high mortality

After

breeding season,

the

many Red-

lecked Phalaropes {Phalaropus lohatus) migrate

from breeding grounds

gions of the
ireas in

New World

in the arctic re-

to pelagic

nell and Miller 1944). What does not seem to
have been appreciated, however, is that saline lakes are preferred stopping places.

This report documents the fall migration at
Lake, California. It is based on studies

wintering

the equatorial Pacific Ocean. Sub-

Mono

spanned the entire

migration period,

itantial

that

ind central

July through mid-October, for six consecutive
years (1980-1985). The major goals were to

numbers, presumably from the west
Canadian Arctic, move overland,
ind each fall hundreds of thousands occur in
he Great Basin of the western United States.
Concentrations exceeding one million individuals have been estimated at Great Salt
^ake, Utah (Kingery 1982). Thousands also
iccur at Lake Abert, Oregon (K. Boula, peronal communication),

Mono

fall

document abundance, period

of occurrence,

and ecological requirements of the Rednecked Phalarope and to determine the composition of the population throughout the migration period.

Lake, California

iCogswell 1977, Winkler 1977), and Stillwater

Methods

Refuge, Fallon, Nevada (S.
jhompson, personal communication), and
large but unestimated numbers visit the
l^alton
Sea (McCaskie 1970, Garrett and

western edge of the Great Basin

punn

California.

l^ational Wildlife

1981).

jiigration

nown

The existence of an overland

route in this species has long been

(e.g.,

Fisher 1902, Bent 1927, Grin-

Mubbs Marine Research

Institute,

Mono Lake
1984)

is

(surface elevation 6,380

a large (ca 160

It is

km) basin

ft

in

lake at the

in east central

highly saline (surface salinity

75-90 0/00 during this study) and alkaline (pH
= 10) and contains no fishes (see Hubbs and

1700 South Shores Road, San Diego, Cahfornia, 92

185
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j0^

^^:

Fig. 1 Juvenile (left)

and adult

(right)

Red-necked Phalaropes.

Miller 1948). Accordingly, the aquatic inver-

shrimp, Artemia sp., and
brine flies, Ephydra hians) that provide food
for the phalaropes and a few other species of
migratory birds can attain great abundances.
I made behavioral observations through the
entire migration period. Specimens were
weighed, measured, and examined for molt
and external parasites. Stomach contents
were identified using a binocular microscope.
Fat-free weights were determined using standard ether-extraction techniques. I estimated
the percentage of molting feathers in each of
the body tracts and determined molt scores
for primaries and rectrices. A value of
is
given to an unmolted feather, 5 for one that
has been replaced, and 1 to 4 for intermediate
stages (e.g., Morrison 1976). Thus, a bird that
has replaced all its primaries and rectrices
would receive scores of 100 (i.e., 5 x 10 primaries X 2 wings) and 60 (5 X 12 rectrices).
Censusing.
Because of their locahzed
distribution and preference for nearshore
habitat, phalaropes are relatively easily censused. Counts from a boat cruising ca 400 m
offshore will reveal nearly all birds, except
those hidden behind tufa formations. As the
migration period progresses, it is not uncommon to find flocks of 30-400 birds 2 km or
more from shore; these can be detected by
routine transects. Censusing by boat produces consistent and replicable results. I estitebrates

(brine

—

mate that errors did not exceed 15%-20%.
even when populations were large. For exam
pie, replicate censuses of birds on the easterr
half of Mono Lake on 31 August and 1 Septem
ber 1981 resulted in estimates of 6,800 anc
7,053 birds, a difference of 3.5%
Age and sex ratios. Male Red-necke(
Phalaropes bear the responsibility for incuba
tion and caring for the young. Females leavi
the breeding grounds about the time youn.
hatch and are followed by the adult male

—

several

weeks

later and, finally,

by the juve

(Hilden and Vulanto 1972). At Mon
Lake the migration period of each of thes
groups is protracted, perhaps because: (1) th
population is composed of birds from seven
nesting areas, where the start of breeding ma
vary by a week or more; (2) the species
polyandrous, and females that obtain mor
than one mate remain on the breedin
grounds longer than those that obtain a singl
mate; (3) and males that lose their eggs
young migrate earlier than successful nester;
Sex ratios in adults usually cannot be detei
mined in the field because plumage diffei
ences, although pronounced on the breedin
grounds, dull with the onset of molt. Est
mates in this report are derived largely froi
specimens collected with no conscious hi;
niles

i

<

and are supplemented by banding data (W'ii
kler 1977). Age ratios, however, can be detc
mined by plumage (Fig. 1; Prater et al. 197'

—
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lb

Population size of Red-necked Phalaropes

at

mid-September, or later. Because the
and juveniles is not nec3ssarily similar, I determined age ratios in

^

SEPTEMBER

Mono

until

Vo

lb

OCTOBER

Lake, California, 1982-1984,

grants until the last third of July, although in

similar to

1981 more than 2,000 were present by mid2). Numbers increase through early
August, peak near 10 August at ca 12,000
individuals, and remain high for the next
month. A decrease is evident by 10-15 September; by early October fewer than 200 remain; and by the last third of October the
species has departed. The latest dates on
which phalaropes were present (based on ir-

Chronology. In my experience, only
mall numbers of the Red-necked Phalarope

regular surveys) were 17 October 1980, 9 October 1981, 21 October 1982, and 14 October

Dass

through the Mono Basin each spring. 1
seen flocks totaling 200 birds on several
occasions on dates ranging from 30 April to 24
i^ay, with a maximum of 800-1,000 on 13
Aay 1984. That much larger numbers may
tccur occasionally can be inferred from Ryer's (1985) report of thousands killed near
leno, Nevada, in mid-May 1964 (see also

1983.

iiave

Only once did I see migrants depart. On 6
August 1982, four flocks totaling 450 birds left

distribution of adults

several

areas

ichieve a

of the

minimum

Data obtained in that
;hese obtained

by

attempting to
sample size of 100.

lake,

total

manner were

collecting.

Results

1

—

^aines 1977).

pme

years.

One

The few

or two

may summer

in

birds that appear in late

une are often molting heavily, which sugests that they may not have reached the nestig areas; certainly they could not have bred.
Usually

there was no significant influx of mi-

July (Fig.

the mouth of a freshwater creek where they
had been bathing, climbed high toward the
Sierra Nevada, and disappeared to the west.

This suggests that some migrants
directly toward the Pacific Ocean.

may move

Composition of the population.

among

— Adult

the early migrants (Fig. 3). The rapid population increase
in late July (Fig. 2) results from the arrival of
postbreeding males. By late July adult females composed fewer than half the popula-

females predominated
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Fig. 3. Age and sex ratios of Red-necked Phalaropes based on specimens collected from 1980 through 1982. The
percentage of adult females determined by banding studies (Winkler 1977) is shown by •. The dotted line shows the
inferred average percentage of adult females from late July through mid-September.

abundance decreased through
fall. Juveniles began arriving in mid-August (earliest 13 August 1980,
10 August 1981, 2 August 1982, after 6 August
1983), predominated by the first of September, and composed virtually all the population
by early October.
Size of the population.
The size and
tion,

and

their

the remainder of the

—

composition of the population at major phases
of the migration period are shown in Table 1.
This species does not use Mono Lake either as
a molting or staging area (see below) and,
because the arrival period of each age and sex
class is protracted, I infer that the average
stays of most migrants ranged from 5 to 14
days (see also Evans 1984, Kersten and Smith
1984). Short stop-overs were also suggested
by weight data (see below). The bulk of the
migration for any age and sex category is accomplished in 30 days. Assuming an average
stay of 10 days, one can estimate the total
population at roughly three times the sum of
the peak counts in each category. If so, 52,000
Red-necked Phalaropes passed through the

Mono

Basin in 1981, 65,500 in 1982, 36,000

ir

1983; limited data from 1980 and 1984 suggest
a population similar to 1981. Although the
validity of the multipliers

is

unknown,

tht

census data are sufficiently accurate to shov
that annual differences in abundance are real
Distribution.
Red-necked
Phalarope:
are pelagic for much of the year, but at Mon(
Lake they tend to avoid midlake habitats ii
favor of shallow areas within 200 m of shore
There they congregate over shallowly sub
merged rock formations, which provide a sub
strate for pupating brine flies; brine flies of al
ages are their major food.
In July migrants appear along the centm
north shore, where there are large expanses c

—

numbers increase
the population spreads laterally, and by mid
tufa-encrusted rocks. As

August birds are found almost anywhere
the periphery whtMC there

submerged
Distributional patterns were similar
is

oi

rock
eac!

with two exceptions. In earl
September 1981 approximately 2,500 of 9,00

year (Fig.
birds

were

4),

flocking offshore, perhaps in antic

:

i

6
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Size and composition of Red-necked Phalarope populations at

Mono
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Lake, California, 1981-1984.
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Di.stribution of Red-necked Phalaropes at

Sept 19H2

Mono

ipation of departure. In mid-September 1983,
phalaropes foraged mainly at the southwestem and southeastern corners of the lake. In
those areas the rising lake had inundated
freshwater marshes, creating new substrate
for flies in the form of submerged vegetation,

Lake, California,

in

1981 and 1982.

and the drowned plants were blackened b;!
masses of pupae.
Food. To study feeding habits, I col
lected birds in many localities, making delib
erate efforts to sample in offshore localities a
well as at sites remote from submerged rocks

—

i

|j
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10
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AUGUST

Diet (% volume) of Red-necked Fhalaropes at
were not determined after 8 August.

stages of brine flies

Mono

1—
30

SEPTEMBER
Lake, California,

m

Numbers above columns

Cursory observations of birds feeding over
swarms of brine shrimp could easily lead one
to infer that shrimp compose the bulk of the
phalarope diet. However, careful scrutiny
howed that the birds were ignoring shrimp
and waiting until an adult brine fly passed by

I

20

19S(),

refer to

1981, and 1982. In 1982 the

sample

size.

or until water currents wafted a larva or

pupa

within reach. If this did not occur within five
seconds or so, the birds ceased their typical
"swim and peck" foraging method and began
spinning, which quickly brought larvae to the
surface.

Great Basin Natur.\list

192

Volumetric analysis of stomach contents
(Fig. 5)

showed

tially all

90%

that brine flies

made up essen-

the diet in July-August, and well over
The predominance of

later in the year.

dipterans was also

shown by Wetmore

(1925)

Great Salt Lake and by K. Boula (personal
communication) at Lake Abert. I estimate that
brine flies composed approximately 99% of
the phalaropes' diet at Mono Lake. Gravel
was present in 70% of the samples, and seeds
or unidentified plant parts in 5%. I found no
at

age or sex differences in food preference.
Brine fly larvae were the only prey found in
the single spring sample (30 April 1984).
In 1980 only 1 adult (14 August) had fed on
brine shrimp. In 1981 phalaropes fed exclusively on flies through 21 August. At the next
sampling period, 1-2 September, all of 12

birds collected offshore had fed mainly on

shrimp, and 7 also contained fly parts; 1 of 7
on 21 September contained a few
shrimp eggs. In 1982, to investigate the possibility of a seasonal shift in diet, I biased my
sampling methods and collected only in offshore sites, and mostly late in the season.
Although these samples included birds feeding directly on or over a commercial trap for
brine shrimp, no shrimp were encountered. I
infer that they are taken mainly when brine
birds

flies

are unavailable.

—

Water use. Red-necked Phalaropes visit
freshwater sources on the periphery of Mono
Lake, often in association with Wilson's
Phalaropes (P. tricolor), to drink and bathe.
Their visitations seem irregular, and daily access to fresh water does not seem to be required. Birds often bathe in the lake itself,
sometimes over sublacustrine springs from
which fresh water boils to the surface. Formerly, in the 1970s, Red-necked Phalaropes
regularly visited small ponds just north of the
lakeshore, where many hundreds (M. Morton, personal communication) to several thousand might be seen (Winkler 1977). As the
lake has receded, pond use has declined. In
1980 fewer than 500 frequented the ponds
each day, in 1981 birds were less abimdant,
and since 1982 the ponds have been avoided.
Visitations occurred mainly in late afternoon,
or even after dark, when groups of 5 to 20
might fly in. After circling nervously for several minutes, they would alight and bathe or
drink iranticallv for 30-60 seconds before re-

Vol. 46, No. 2

turning directly to the lake. This nervous behavior was unlike their calm demeanor at
freshwater sources on the lakeshore, where

they might bathe and preen for an hour or
more. Presumably it was related to a greater
risk of predation.

—

Weight data are shown in FigSince Red-necked Phalaropes, unlike
many migratory shorebirds, do not lay on
great fat stores at this point in their migration,

Weight.

ure

it

6.

follows that they

Mono Lake

do not use

as a

staging area but only as a stop-over location.
Fat-free weights of 6 adult females averaged
29.3 g (range 24.8-32.0) and of 10 males 27.8 g
(range 24.2-33.4), which is ca 0.3 g less than
the mean arrival weights.

MORPHOMETRICS.— Mensural data are presented in Table 2. Although there is no recognized variation in this species, it may eventually be possible to infer the source of the
migrants if mensural data from other areas
reveal significant differences.

—

Behavior.
Phalaropes make sporadic visto fresh water and sometimes come ashore
or climb on tufa boulders to rest and preen.
Otherwise, they remain continuously near
feeding areas and fly only short distances each
its

It is not uncommon to see a half-dozen
feeding over a single pupa-covered rock,
pecking larval flies from the water column or
lunging at adults as they come to the surface.

day.

,

Occasionally one to two birds will act as satellites to a Wilson's Phalarope, waiting for food
that the larger bird spins to the surface (Fig.

Whether

commensal

~

an energy-saving device or indicates that the Rednecked Phalaropes effectiveness in spinning
^
is less than that of the larger, longer-legged
Wilson's is unknown.
7).

Molt.

this

activity

— Cramp and Simmons

is

(1983: 639

reported that male Red-necked Phalaropes
undergo limited molt on the head and neck on
the breeding grounds but that females dela>
until after the start of migration (see also
Hilden and Vuolanto 1972). They also reported that (1) molt began in "moulting areas
near the breeding grounds, (2) renewal ol
flight feathers did not usualK commence until
"

late September, and (3) southward migration
began in August or September.
Data from Mono Lake modify those conclusions. Migration begins in July, and the first

migrants appearing shortly after their disap-

Jehl: Phalarope Biology
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2aO-4aS(34.7+3J6)9.
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Fig. 7.

A Red-necked Phalarope
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feeding commensally with a Wilson's Phalarope (foregroimd).

of molt of secondaries or wing coverts, except
for the irregular replacement of some greater

secondary coverts.
Tail molt (Fig. 9) in many females begins by
early July, perhaps while they are still on the
nesting grounds. All females examined after
late July had molted some rectrices, but only
one had completed molt by late August. In
males the start of tail molt coincides with their
arrival in late July, and all but two examined

late

September

it

remains

slight.

Juveniles dc

not replace primaries at this time.
Mortality'.
I used beached bird censues

—

index mortality patterns. Although cen
suses along 8-16 km of shoreline were made ai
to

after 7

more fretjuently) in
were spread over the
entire migration periods of 1981-1984 (irregular surveys were made in 1980 and 1985), 1
found only two dead phalaropes. Evidently
this phase of the migration imposes no great

replaced

stress

August showed some molt. One had
all
rectrices by 5 September,
whereas another on 23 September had not
started.

The

central pair of rectrices

is

lost

two-week

intervals (often

several localities and

on the species.

Red Phalarope.
fuUcaria)

is

—The Red Phalarope

(P.

rare in the interior of the western

usually followed by the outer pair or

states

and provinces (Goossen and Busby

not invariable and molt is not
necessarily symmetrical. One male taken on
28 August had 14 rectrices, of which the cen-

1979).

The

first,

pairs,

but

this

is

species remains in the Arctic late

tral

and inland records, as for the
Red-necked Phalarope, probably pertain to
birds from the western and central Arctic that

fourth pair

are en route to wintering areas in the Pacific

and outer pair were half grown and the
was just starting to grow.
Juveniles, which arrive in mid-August,
have not started to molt body feathers. Some
are in heavy molt by late August and nearly all
show body molt before departing; one on 21
September, however, had none. Molt of the
rectrices may start in late August, but even i)y

into the

fall,

Mono Lake one

or two Red Phalaropes
been recorded in four of six years since
1980, all but one of the sightings (1 September!
1980) occurring between 14 and 23 Octoberi
(1981-1, 1982-2, 1983-1). Goossen and Busbyj
(1979) suggested that most fall migrants in the

At

ha\'e
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by the production of young in the following
breeding season, thus accounting for the low
migrant populations of 1983.
Schreiber and Schreiber (1984) noted that
"field biologists must recognize that atmospheric circulation patterns that undergo
regular anomalies

may

affect their

ir-

Bent. A. C. 1927. Life histories of North American shore
birds, Part

and species far from marine ecosystems. Events at Mono Lake illustrate this
and point out the difficulties in trying to understand the population dynamics of migratory species in the absence of information
about condition and events throughout the
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and B A Smith, 1970. Birds of the
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SOME RELATIONSHIPS OF BLACK-TAILED

PRAIRIE

DOGS

TO LIVESTOCK GRAZING
Craig

J.

Knowles^

—

Abstract.
Relationships of black-tailed prairie dogs (Cijnomys ludovicianus) to livestock grazing were studied
from 1973 to 1983 on the Charles M. Russell National Wildlife Refuge and the Fort Belknap Indian Reservation in
northeast Montana. A total of 154 prairie dog colony sites was examined, and most were in association with livestock
watering sites and/or areas where the topsoil was disturbed by human activity. Roads and cattle trails were found in 150
of the prairie dog colonies. Prairie dog colonies were found to be located significantly (p < 0.001) closer to livestock
water developments and homestead sites than randomly located points. Observations showed cattle to occur significantly (p < 0.05) more on quarter sections with prairie dog colonies as opposed to quarter sections without prairie dog
colonies. Forage utilization at one prairie dog colony was estimated at 90% by midsummer. Prairie dogs consumed
about a third of the vegetation, with grasses the predominant forage class used.

Habitat characteristics of black-tailed praidogs {Cynomys ludovicianus) colonies
have been reported on over a wide geographic
rie

region (Reid 1954, Koford 1958, Smith 1967,
Hassien 1976). Prairie dogs are fiequently associated with areas of low-growing vegetation

and areas intensively grazed by ungulates
(Mead 1898, Osborn and Allan 1949, King
1955, Koford 1958, Smith 1967). Although
many authors have commented on this relationship,

little

quantitative information exists

on the subject. Furthermore, it is not clear in
the literature if prairie dog colonies develop at
intensively grazed sites or if the presence of
prairie dogs attracts ungulates to an area.
There are documented cases of declining
prairie dog numbers following reduction or
elimination of ungulates from an area (Mead
1898, Osborn and Allen 1949, Uresk and
Bjugstad 1983). Knowledge of the spacial disand habitat use of ungulates and
prairie dogs over a broad area is important to
understanding prairie dog-ungulate relationships. The purpose of this study was to investigate the distribution, habitat use, and forage
utilization of black-tailed prairie dogs and domestic livestock in northeastern Montana.
tribution

CMRNWR

CMRNWR

Prairie dog colonies on both the
and the FBIR are restricted to the shrubgrassland and grassland habitats. Western
wheatgrass {Agropyron smithii), blue grama
(Bouteloua gracilis), green needlegrass {Stipa
viridula), and needle-and-thread grass (S. comata) are the predominant grasses in these
habitats.

Study Area and Methods
Data were gathered from 1973 through
1975 and from 1978 through 1980 on the
'Montana Cooperative Wildlife Ke

Charles M. Russell National Wildlife Refuge
(CMRNWR) and during 1983 on the Fort
Belknap Indian Reservation (FBIR) in northeast Montana. The
is typified by
rough, river breaks country merging with
rolling prairies on either side of the Missouri
River. Coniferous forest habitats dominated
by ponderosa pine {Pinus ponderosa) and
Rocky Mountain juniper (Juniperus scopulorum) are commonly found on the steeper
slopes along the Missouri River and cover
about 36% of the land area. Shrub-grassland
and grassland habitats occur on the broad
ridge tops and coulee bottoms that extend
from the prairies onto the CMRNWR. Glaciated prairies with relatively little topographic
relief compose the majority of the FBIR.
Shrub-grassland and grassland habitats dominate these sites. Coniferous habitats occur
only on the foothills of the Little Rocky Mountains that border the FBIR on the south.

Common

forbs include fringed sage-

wort {Artemisia frigida), plains prickly pear
{Opuntia polycantha), and yellow sweetclover (Melilotus officimde). The shrub layer
soula, ,59«12

Boulder, Montana 59632.

198

Present address: Fauna West Wildlife Consultants, Bo.x 113.

Knowles: Prairie Dog Ecology

April 1986

is

composed

and

largely of big

silver sage-

brush {Artemisia tridcntata, A. cana) and
greasewood {Sorcobatus vermiculatus). The
and the FBIR are grazed primarily by cattle, although sheep and horses are
present in a few grazing allotments. Native

cattle

199

was compared

distribution of prairie

to the

quarter section

dog colonies occurring

CMRNWR

two pastures using a chi-square test of
homogeneity. Habitat type designation followed Mackie (1970) except for analysis pur-

ungulates are pronghorns (Antilocapra ameri-

poses, where observations of cattle in the
Xanthium strumarium and AgropyronSymphoricarpos habitat types were com-

cana), elk (Cerviis elaphiis),

and mule and

white-tailed deer {Odocoileus hemionus, O.

CMRNWR

'i1ie

was surveyed

for prairie

Colonies were
mapped on frosted mylar plastic over 1:24,000
aerial photos while driving or walking the
perimeter of the colony. The area of each
colony was determined with an electronic digsites

in

1979.

dog colonies on the FBIR (survey area boundaries described in Knowles
md Knowles 1984) were surveyed in 1983 and
^ere mapped on 7.5' USGS topographic
maps. Area for each colony was determined
with a dot grid. At each prairie dog colony
Prairie

itizer.

>ite, I

bined and observations in the Artemisia longiand Pinus-Juniperus habitat types were
combined.

folia

lirL^inionus).

dog colony

in these

recorded presence or absence of prairie

developments (reservoirs,
and calf feeders), homesteading activity, roads, and well-established
cattle trails. Complete survey coverage was
made of each study area. However, on FBIR
inactive colony sites were not investigated nor
was one small colony located around a private
dogs,

livestock

wells,

salt

licks,

residence.

Spring/summer forage utilization of prairie
dogs, prairie dogs and other wildlife (primarily

mule deer and elk), and prairie dogs and
was investigated at a prairie dog colony

cattle

located next to a reservoir site in the Nichols
Coulee allotment. A 7.7 ha area of the 16.4 ha

colony was fenced to exclude cattle in July
1978. Ten agronomy cages were placed on
each side of the fence that passed through the
center of the colon\' in pairs at 5 m intervals.
The 10 cages within the exclosure had a mesh
of 25 X 50 mm, and the other 10 cages had a
mesh size of 51 x 76 mm. The larger mesh
allowed prairie dogs to enter the cages. The
cages were placed on the site in November
1979 (pasture rested in 1979), and in early
August 1980 a 1.2 m" area was sampled in each
cage. In addition, 10, 1.2 m" areas were sampled on either side of the exclosure fence midway between each agronomy cage. Forbs and

Special effort was made to study prairie
dogs at the west end of the
north
of the Missouri River because of the number
(36) and density (6.3 colonies/100 km") of

grasses were bagged separately, oven dried,
and weighed to the nearest gram. A KruskalWallis one-way analysis of variance was used

dog colonies. All stock water developments and homestead sites were accurately
located on a map over a 570 km" area. I used a

ing regimes.

CMRNWR

prairie

Students t-test to test the hypothesis that
distance from the geographic center of
each prairie dog colony in this area to the
nearest stock water development or homestead site was not different than the mean
distance to such features for 120 randomly
chosen points. In this same area, I made
weekly surveys of cattle each summer and fall
from 1973 to 1975 in two pastures (20,244 ha)
of the four-pasture Nichols Coulee rest-rotation grazing system as part of another study

mean

(Knowles and Campbell 1982). Quarter sec|tion location, habitat type, and slope were
recorded for each cattle group when first observed.

The quarter

section distribution of

to statistically test for differences

among graz-

Results

A

total of

found on the

112 prairie dog colony

CMRNWR (Table

I).

sites

was

Ninety-six

of these colonies were active, occupying a
total of 2, 122 ha and averaging 22 ha in size (se

± 47 ha,

range

<

1

- 307

ha).

Approximately

0.6% of the land area was inhabited by prairie
dogs, with 2.8 active prairie dog colonies per
100 km". On the FBIR, 42 active prairie dog
colonies were surveyed totaling 2,786 ha (x =
66 ha, se ± 91 ha, range 3 - 372 ha). Prairie
dogs occupied about 2.1% of the survey area
on the FBIR, with 3.0 colonies per 100 km".
The majority of prairie dog colonies both on
the
and FBIR were located in ar-

CMRNWR
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Table

1.
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Distribution of prairie dog colonies found in association with livestock developments, natural bodies of

water, homesteads, and roads and cattle

trails.

April

1986

Table

2.

ummer and

Knowles: Prairie Doc; Ecology

Use of habitat type and slope by cattle during
fall in the Nichols Coulee allotment.
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Table .3. Comparison of total

plant, grass,

Vol. 46, No. 2

and forb bioinass under different grazing regimes

at a prairie

dog colony

i

the Nichols Coulee allotment.

Biomass kg/ha {%

867
613
379
85

Ungrazed
Prairie dogs
Prairie dogs/wildlife

Prairie dogs/cattle
'

ANOVA,

significant (p

<

utilization

Grass

Total plant'

Grazing category

Forbs'

364
135 (63)
138 (62)
24 (93)

(29)
(56)
(90)

0.05) difference

503
478
241

among

(5)
(.52)

61 (88)

grazing categories

Hetrick,

Knowles,

Schmidt,

D.

Bjugstad 1983), increased soil nutrients (Hassien
1976), and greater nitrogen concentration in

A.

dog colonies.
abundance of prairie
dogs in the Nichols Coulee allotment when compared to the rest of the CMRNWR was probably
related to a greater availability of prime habitat
for prairie dogs in this area. However, construction of numerous resei^voirs and wells in associa-

R. Mackie provided technical advice and
guidance through various stages of this study.
Others providing assistance were R. Campbell and Drs. M. Behan, T. Clark, R. Hutto,
L. Metzgar, A. Sheldon, and P. Wright. I
received financial support during various
stages of this study from the Montana Depart-

implementation of the rest-rotation

ment of Fish, Wildlife and Parks, U.S. Fish
and Wildlife Service, and the Fort Belknap

plants

(Coppock 1981)

The

in prairie

relatively greater

tion with

grazing system in the mid-1960s undoubtedly

played a role

in the

establishment of prairie dog

colonies in this grazing system.

It is

S.

Community

Council.

also possible

and inten-

that the early turn-in date (1 April)
sive, early

P.

Schuster, and C. Stoner. Drs. B. O'Gara and
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EFFECT OF EXCLUDING SHREDDERS ON LEAF LITTER
DECOMPOSITION IN TWO STREAMS
James

R. Barnes',

J.

V.

McArthur'

",

and C. E. Gushing^

—

Abstract.
The effect of excluding shredders on leaf processing rates was studied in a Rocky Mountain stream in
Utah and a cold desert stream in Washington. Experimentally excluding shredders significantly decreased the
processing rate in both streams. Processing rates (k) were higher in the desert stream, and it is postulated that this is
related to increased microbial activity due to the higher water temperatures.

The decomposition of allochthonous
stream ecosystems has been shown

detritus

be a
function of both physical, i.e., temperature and
current, and biological, i.e., microbial and
macroinvertebrate feeding, effects (Anderson
and Sedell 1979). Macroinvertebrate shredders
(Merritt and Cummins 1978), which feed directly on leaf litter in streams, have been estimated to account for 20% of total leaf decomposition (Cummins et al.
1973, Petersen and
Cummins 1974, Cummins and Klug 1979). Although their role is still imperfectly understood,
in

it

is

to

clear that coarse particle detritivores, or

shredders, are extremely important

some stream ecosystems.

members

the process

In

of
of

shredding leaves, they not only provide themselves with nutrients but convert coarse particulate organic

(CPOM) to fine particulate
(FPOM) and thus provide an en-

matter

organic matter

ergy source for fine particulate detritivores, or
collectors

Kalff 1973,

1977,

(Cummins

Cummins

et

al.

1973,

Mackay and
Madsen

1974, Iversenand

Cummins and
they may have an

Short and Maslin 1977,

Klug 1979). On the other hand,
on species that use leaf packs as habitat or
graze periphyton from the leaf surface.
The purpose of this paper is to document the
importance of large shredders in the decomposition of leaves in two streams, a Rocky Mountain
stream and a cold desert stream.

northeast of Provo, Utah County, Utah.

mean annual discharge

aspen {Popidus tremidoides), and box elder
{Acer negundo). For a more detailed description of the stream, see Sakaguchi (1978) and
Oberndorfer et al. (1984).
Rattlesnake Springs is a first order, permanent, spring-fed stream about 43 km northwest of Richland, Benton County, Washington. It originates as seeps and is fed by one
major spring, resulting in a base flow of ca 0. 01
mVs. Mean annual precipitation in the regior
is ca 14 cm, and the stream water temperature

bewteen 2.0 and 22.0 C. Rattlesnake
Springs is in the shrub-steppe desert in the
northerly extension of the cold-desert physio
graphic province. For further information

varies

see Cushing et

glacial

(1980),

Cushing and Wol

Methods
Stewart's

Creek.— In

the

fall

of 1978, 12(

were constructed using three gram;
wt) of box elder leaves. The packs were

leaf packs

(dry

fastened to lids of one-pint plastic freezer con
tainers as described in Merritt et al. (1979)

The

Study Sites
Creek

is a small second order
stream originating from a
cirque on Mt. Timpanogos about 33 km

Stewart's

al.

(1982, 1984).

effect

(Strahler

The

0.25 m^/s, and the
annual water temperature ranges from 2.0 to
9.0 C. The stream gradient in the study section is 7%. Riparian vegetation in the study
area consists of willow (Salix sp.), quaking
is

1957)

freezer containers had all four sides anc
bottoms cut out. Half (60) of the container:
were left open on all sides (control), and hal
were covered with 1
Nitex (shredder ex
elusion). For a complete description of the

mm

^

'Departin.-nl

ol Z(i

Savannah Hi\cr

Iv

'Environnicntal Sc

Brigham Young University, Provo. Utah 84602.
mv Laboratory. Drawer E, Aiken, South Carolina. 29801

\i\.

CCS Department, Pacific Northwest Laboratory. Richland, W'aslnngton 99352.
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Table 1. The effect of excluding shredders on (A) mean percent of original leaf material remaining and the rate of
decomposition (k) of leaf material in Stewart's Creek, Utah, and (B) the number of shredders, total organisms, and
leaf material. Numbers are treatment means; means connected by solid line are not
collectors per gram
significantly different at a = 0.05. SX ^- shredder exclusion, C ^ control.

DW

Percent

Treatment

4
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T.ABLE 2. The effect of e.xcluding shredders on (A) mean percent ot original leaf material remaining and the rate of
decomposition (k) of leaf material in Rattlesnake Springs, Washington, and (B) the number of shredders and total
leaf material. Numbers are treatment means; means connected by solid line are not
organisms per gram
significantly different at a = 0.05. SX = shredder exclusion, C = control.

DW

A.
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April 1986

R J AND J Kalff. 1973. Ecology of two related
species of caddisfly larvae in the organic substrates ofa
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THREE-YEAR SURVEILLANCE FOR CESTODE INFECTIONS
IN SHEEP DOGS IN CENTRAL UTAH'
Ferron L. Andersen", Lanritz A. Jensen\ H. Dennis McCuidy\ and Craig R. Nichols^

—

Abstract.
During the summers of 1982, 1983, and 1984, 269 sheep dogs from an area endemic for hydatid disea
were examined for cestodes (Echinococcus granulosus and Taenia spp. Each dog was given an oral purge of arecoHne
hydrobromide and then following purgation received a subcutaneous injection of praziquantel (Droncit®). During the
three-year study period, 205 dogs were examined one time only, 48 dogs were examined two of the three years, and 16
dogs were examined each of the three years (= 349 separate examinations). In 1982, 45 of 91 dogs examined (49.5%'
harbored at least one species of cestode. Those data for 1983 and 1984 were 55 positive of 141 examined (39.0%) and 34
positive of 117 examined (29. 1%), respectively. The marked drop in dogs infected during the second and third year ol
the study suggests that many sheep ranchers were implementing some of the control measures recommended foi
).

prevention of £. granulosus infections.
The numbers of separate purgations showing specific cestodes detected in all positive dogs (some dogs naturally witli
more than one species of cestode) were: E. granulosus, 16 (4.6%); T. hydatigena, 34 (9.7%); T. ovis krabbei, 4(;
(13.2%); T. pisiformis, Al (13.5%); and T. scrialis, 24 (6.9%).

As part of an over-all program designed to
prevent and/or control the spread of hydatid
disease in Utah and neighboring states (Andersen et al. 1983), a three-year surveillance
study was planned to determine the prevalence of cestode infections in sheep dogs ex-

amined

at

the

summer mountain

remains as the single most important parameter for surveillance evaluation.

The

majority

of sheep herds within Utah are located

in

Sanpete County, and almost all the surgical
cases for removal of hydatid cysts have beer
people residing in that particular locality o^
the state (Crellin et

grazing

al.

1982).

ranges in Sanpete County. Results of previous

surveys had shown that the prevalence of
Echinococcus granulosus tapeworms (the
causative organism of hydatid disease in this
region) fluctuated markedly, depending upon
whether the majority of dogs examined in any
one year were non-sheep dogs from rural
communities or were dogs owned by sheepmen and used generally or exclusively in the
sheep industry (Andersen et al. 1983). Many
epidemiological determinants have been
identified as important factors in the distribution and prevalence of £. granulosus in Utah,
such as the use of local herders, the existence
of community herds, the association of sheepmen from several counties on adjacent winter
rangelands, and specific sheep-marketing
practices (Crellin et

al.

Materials and Methods

The

specific study area (Sanpete

involved

in this project

teristics that

make

definitive host of £. granulosus in this region
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County

unique charac-

that region highly suitable

an endemic site for hydatid disease have
been described earlier by Andersen et al.
(1983). The majority of summer grazing sitej
are located along or adjacent to the Skyline
Drive, a dirt road that traverses north to south
along the summit of the Manti-La Sal mountain range in that county. The mountains
reach 3,600 m in elevation, are heavily vegetated with lush growths of forbs and grasses,
and afford numerous expanses for summer
grazing of sheep. The general area is accessible mainly by the road along the summit, but
it is intersected approximately every 10-20
km by roads ascending through canyons that

1982). Nevertheless,

,

its

as

the role of the sheep dog as the principal
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Number of .sheep
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:

dogs e.xamined

for cestode.s in central Utah,

1982-1984.
Years

Examinations

One examination

1983

1984

83

66

(N = 205)

Two examinations
(N - 48)

Three examinations
(N

16)

->

repeat

29

-^

repeat

-^

repeat
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Prevalence of specific eestodes
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Year

E.

in
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for cestodes,
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1982-1984.

All doijs exaniined

Breed
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Infected dogs
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6.

Relative decline in cestode infections in sheep dogs examined, 1982-1984.
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Table
for

8. Statistical association (Wilcoxon Test) for cestode infections
examination two of the three years of the study, 1982-1984.

Echinococcus granulosus
Taenia hydatigena
Taenia ovis krabbei
Taenia pisifonnis
Taenia serialis

owners'

sheep dogs of owners

who submitted dogs

Number of dogs examined

Number oi
Cestode

213

1st

exam

2nd exam
1

P vahie
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Although it was relatively easy to convince
ranchers to have their dogs examined for one
year of our study, it became increasingly diflficult to obtain their cooperation in subsequent
years. A total of 19 of 49 separate owners
submitted dogs for examination in only one of
three years of the study, 10 owners had dogs
examined two of three years, and only 20 owners submitted dogs

all

quently, even though

three years. Conse-

we examined 269 diflPer-

ent dogs during the project, 205 were tested
only one year, 48 for two years, and only 16

Vol. 46, No. 2

there was a significant reduction in specific

cestodes identified (Tables 8 and 9), which
fact suggests that such owners were implementing recommended preventive and con-

measures in their overall sheep and dog
management.
The study also showed that the same group
of cestode species was identified in these
sheep dogs for all three years, as shown in
trol

previous surveys (Andersen et
less et
lar

al.

1978, Jensen et

importance was the

al.

al.

1973, Love-

1982).

fact that

Of particu-

the greatest

were examined each year of the three-year

individual reduction in prevalence of any one

period. Part of the apparent reason for a de-

species of cestode was observed for E. granu-

crease in repeat examinations was the incon-

losus

venience for ranchers to submit their dogs for
examination when they needed the dogs on a
daily basis. Generally dogs subjected to the
rather harsh purgation used in our study were
unable to do hard work for several hours following the examination, and sheep ranchers
rapidly became aware of this complication.
Furthermore, the field team of veterinarians
could not always arrive at the camp site on a
planned schedule, could not always find the
herd in a specific locale, and sometimes could
not traverse the mountainous roads which
were on occasion interspersed with drifted
snow even into mid-August.

indeed concerned about hydatid disease. The observed reduction in the
prevalence of T. hydatigena (gamma =
—0.208) should have paralleled more closely
that of £. granulosus since sheep serve as the
principal intermediate host in the life cycle ol
both parasites. Jensen et al. (1982) found that
25 of 76 mule deer (32.9%) examined in central Utah harbored cysticerci of T. hydatigena, which fact could account for the
availability of an additional source of infection
(other than sheep) for dogs in that region. A
consistent drop in the infection level also occurred for T. pisiformis (gamma = —0.440).
where the numbers of infected dogs droppec
from 22 in 1982 to 17 in 1983 to 8 in 1984. Sue!
a decline could have been due to a drop in the

Another factor which complicated our bemore dogs in subsequent
years was the rather high turnover of dogs in
ing able to examine

The age profile catemarked cluster of dogs in

this particular industry.

gorization

showed

a

66% being three
years of age or less. Reportedly, many dogs
are lost or stray from the camp sites, some are
purjiosefully destroyed when they do not
the early age brackets, with

prove to be easy to train, some are accidentally killed (e.g., being run over by owner's
truck), and some cannot withstand the rigors
of that type work for more than a few months

Dogs

category are rouresidence of the
owner and are allowed to recuperate for several weeks before being returned to the
mountain rangeland. This decrease in dogs
examined on a year-to-year basis naturally
complicated our attempts to accurately identify the prevalence of cestodes in this population of animals and to properly evaluate our
overall program. However, for those owners
who did submit dogs for more than one year,

at a time.

in the latter

tinely taken to the

home

(gamma statistic of —0.522) and

suggests

that ranchers are

,

rabbit (intermediate host) population, since
rabbits

go through regular fluctuations

ir

numbers.

We did not see any statistical correlation

ir

study of specific cestode infections witl
breed, sex, and age of sheep dogs (Table 7)
However, we did note a significant positive
association on coexistence of E. granulosus
and T. hydatigena and also of T. pisiformit
and T. serialis (Table 10). The fact that the firsi
two species of cestodes utilize sheep as principal intermeeliate hosts and that the second
two use rabbits in that role corroborates the
presumed elietar\ habits of the dogs harl)oring
these cestodes and adds additional validation
to the specific identification of the cestodr^
reporteel over the three-year period.
this

With the mountainous terrain in this region
numbers of sheep present, it is

anel the large

unlikely that ranchers will ever be able
identify

all

sheep that die or are

killed

on

to

the

'

i

|

April 1986
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grazing sites, nor will they he ahle to hurn or

bury all carcasses. However, our observations
over the past several years have indicated that
more ranchers are now using an increased
amount of commercial food for their dogs
rather than expecting them to scavenge for
food, and that fewer sheep are now butchered
for routine consumption by the herders than
in former years. These practices would definitely reduce the availability of sheep viscera
to sheep dogs at the camp site.

The probable advantage of using praziquanour program to treat all dogs in the
region, irrespective of whether or not they
proved to be infected with cestodes, is sometel in

what

difficult to evaluate with the design of
our project, and in particular with the lack of
large numbers of repeat examinations. Inasmuch as the time required for adult worms to
develop and become patent after cystic material is eaten by the dog is only 40-45 days
(Rausch 1975), and since our program monitored the dogs only once per year, we are
unable to substantiate the known efficacy of
praziquantel as demonstrated in experimen-

infected dogs (Andersen et

tally

al.

1978,

Andrews etal. 1983). Nevertheless, our
show that there was a definite decline in

1979,

data

the overall cestode infection level during the

three-year study period, and a

more

frecjuent

program of drug administration may be warranted. The use of praziquantel in our study
was a clear signal to the owners and herders
that chemotherapy must be incorporated into
an overall program to prevent and control
hydatid disease. Certainly the use of this particular

drug would have had some contribu-

tory effect to the general

downward trend

levels of cestode infection noted.

in
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herders remained positive throughout. This
same attribute has been evident from the very
beginning of the hydatid disease control program in Sanpete County in 1971 and is undoubtedly the most important factor in whatever level of success the program has
achieved. Inasmuch as the control program

we have attempted

implement has been an
it has been essential that all measures advocated or undertaken be promoted in a cooperative and
friendly manner. Many local individuals such
as community and church leaders, educational administrators and teachers, public
health workers, and local veterinarians and
physicians have all contributed markedly to
to

entirely voluntary campaign,

the success of the program.

The incorporation

of a filmstrip and coloring books on hydatid

disease into the school curricula has definitely

enhanced the educational aspect of the campaign (Crellin et al. 1982, Andersen et al.
1983).

However, since the

last surgical

case

removal of hydatid cysts from an individual
in Sanpete County occurred in 1979 (Crellin
et al. 1982), it is important the complacency
during an era of diminished public health emphasis not be allowed to occur. In 1971,
20%-25% of the dogs in several communities
were infected with E. granulosus (Andersen
et al. 1973), whereas it is now virtually impossible to find infected dogs from these same
communities. Also, in 1971 approximately
10% of all sheep slaughtered at local abattoirs
in central Utah had hydatid cysts (Andersen
and Wallentine 1976), whereas 14 years later
the number of sheep reported to have hydatid
for

is well below 1% of those slaughtered,
and only rarely is it possible to collect hydatid
cysts from abattoirs in this region. In 1984

cysts

Recent

test-

efficacy of a

new

only three dogs infected with E. granulosus

paste formulation of praziquantel (Andersen

were identified along the Skyline Drive, yet
one of the dogs had the heaviest natural infection seen to date in this county. This dog could
well have been a source of infection for at least
several sheep grazing in that herd, which in
five to seven years could be the potential

ing in our laboratory

on the

1985) will be an additional benefit to the
ranchers in this particular region, because
they will soon be able to purchase and use that
et al.

formulation rather than to rely on either tablet
or injectable formulations. Tablets are frequently difficult to administer to certain un-

manageable dogs, and injectable formulations
require an assortment of needles and syringes
lor

the services of an attendant veterinarian.
In spite of the difficulty in completing this

particular surveillance project, the general attitude

and cooperation of the owners and

source for continued transmission to other
dogs. If such a focus of infection is perpetuated, the chance for eventual human cases
originating from any one dog source would be
greatly increased. Thus, the project now terminates with a possible "tip of the iceberg"
still

evident.
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now seems

that most of the individuals
Sanpete County have had ample opportunity to become educated about hydatid
disease and the distinct characteristics that
allowed the disease to become endemic in
that region. Whether or not a concerted eflFort
will continue by both individuals and community leaders in attempting to implement recommended preventive and control measures
for hydatid disease in central Utah remains to
be seen. Hydatid disease has been controlled
or eradicated completely in parts of the world
such as Iceland and on the Island of Cyprus,
but extensive efforts to eradicate the disease
elsewhere, such as in an endemic site in New
have not succeeded entirely
Zealand,
(Gemmell 1979). Many of the unique characteristics and epidemiological determinants
which were identified for Sanpete County
(Crellin et al. 1982) still exist. The only major
factor that has changed through time has been
the increase in public awareness and basic
knowledge on the life cycle of the causative
It

living in

hoped management practices for
both dog and sheep populations in Sanpete
County will be modified sufficiently as to indeed decrease the potential for human cases
parasite.

in

It is
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DAM-RAISED FAWNS, AN ALTERNATIVE TO BOTTLE FEEDING
Katlirin

Abstract.
(Odocoileiis

M. Olson-Rutz',

— Rearing young ungulates
hemionus) fawns

is

Philip

J.

Urness'

for ecological studies

a viable alternative to the

is

',

and Laura A. Uniess'

costly

and time consuming. Doe-rearing mule deer
of bottle-feeding. Fawns tamed while

common method

nurtured by their tractable dams showed no marked difference in tractability over bottle-reared orphans.
advantages of doe-rearing are better health for the young and convenience for the handler.

The use
tion

of tame animals to obtain informaon the foraging behavior and habitat se-

lection of wild ungulates

is increasing. This
:echnique has been used with many native
North American species (Reichert 1972) as
A^ell as several from Africa (Hutchison 1970).
Zllose observation of foraging animals offers
nore precise dietary assessment than fecal/
•umen sample analyses or distant observaion, yet time and monetary investments re-

juired to rear
;ire
I

high.

and

train

experimental animals

Several methods for successfully

earing tractable animals have been reported,
rhe most

common

is

bottle-raising captured

leonates (Schwartz et
)orn to either

1976,

al.

Hobbs and

young
penned wild or tame dams (Rei-

3aker 1979, Addison et

1983) or the

al.

Knorre 1974). Another option is
aming wild-caught yearlings, as discussed by

chert 1972,

Creulen (1977).
The Utah Division

open-air shed and hay bedding.

The

The fencing

must be stout to withstand aggressive behaviors between does and of a fine mesh wire on
the bottom meter to prevent fawns from escaping. The sheds were cleaned of soiled bedding daily to reduce development and spread
of disease. Green alfalfa hay, barley, balanced-ration pellets, and clean water were
available ad libitum. To supplement the
sparse forage growing in the runs, the animals
were given freshly clipped mixed forbs
(mosth' alfalfa) morning and evening for a
month postpartum and whenever a source
was available thereafter. As noted by
Schwartz et al. (1976) for pronghorn (Antilocapra americana) fawns, the deer fawns also
of soil beginning at

consumed small quantities
about one week of age.

When

possible, births

were attended

to as-

sure the health of both fawn(s) and doe and to
of

Wildlife Resources

maintained a tame mule deer (Odocoileiis
lemionus) herd for more than 30 years by

las

)ottle-feeding fawns. In the last three years 14

awns have been tamed while nurtured by
heir dams. We report this as a viable alternaive to bottle-rearing of young, with advanages in better health and convenience.

Rearing

The herd was maintained

in a

1-ha com-

)ound on the foothills of the Bear River Range
it Logan,
Utah. Beginning in early June the
;loes were carefully observed for signs of im)ending parturition. They were then put into
eparate 5 x 25 m outdoor runs each with an

ensure that the fawn(s) obtained colostrum. If
the doe did not attend the young, they were
removed and subsequently bottle-raised.
However, the inability to provide milk alone

The doe's licking of the perianal region stimulated the fawn
did not dictate bottle-rearing.

seek out a teat (or nipple) and nurse. This
response could be used to advantage when
supplemental bottle-feeding was required.
One doe, with mastitis, cleaned her fawn
while it nursed from a bottle. This doe-handler cooperation carried through until weanto

ing.

week does were kept with
The young were
exposed to a minimum of 3 hours human contact and gentle handling per day. By the secDuring the

first

their fawns 24 hours a day.

Department of Range Science, Utah State University. Logan, Utah 84322.
\'tah Division of Wildhfe Resources, Logan, Utah 84322.
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ond week does were turned out in the morning, returned at noon to clean and nurse their
young, turned out again in the afternoon, and

umbilical infections. Unlike the hand-raised
fawns, however, 6 of the 9 dam-raised fawns

put in for the night in the evening. Generally,
from the third week until fawns were weaned
at three months, the dams were eager to get
out in the mornings and were left out until
evening. Any fawn handling or training could
proceed as described by others (Reichert

grasses available,

1972, Parker et

others,

'

al.

1984).

pens with no forbs or
higher animal densities, and (3) nursing does that had been on
deficient diets. As reviewed by Hibler (1981),
necrobacillosis is often associated with poor
range and crowded conditions. Therefore, the
(67%) were:

due

losses

(1)

kept

in

(2) at

to this disease, as well as

many

may well be averted under better con-

ditions.

Health
Discussion

The most common diseases encountered
were of intestinal microbes causing diarrhea
leading to rapid dehydration, emaciation, and
death.

Although Kramer

et

al.

(1971) dis-

cussed the occurrence of Escherichia coli in
mule deer, and Schwartz et al. (1976) found
Clostridium perfrin^ens to be a problem in
pronghorn, our major concern was with Coccidia spp. Upon detection of this protozoan,
12.5% sodium sulfamethazine was used to
prevent and treat the Coccidia infections. The
drinking water was treated for two days with
8ml/l water (1 oz/gal) at time of birth, at one
week postpartum (when the fawns begin
drinking water), at two weeks, and anytime
thereafter when loose or watery feces were
noticed.
is

A change in the character of the feces

the cue to an intestinal infection. For a

more

detailed discussion of the normal changes that

the feces of young growing fawns undergo see

Schwartz et

al.

(1976).

Although sulfamethazine is commonly used
on livestock, Schwartz et al. (1976) noted that
the drug may crystalize in the mine and kidneys of young animals. As an alternative they

recommended

the use of Sulfaquinoxaline.
Sulfamethazine was effective in controlling di-

arrhea in all the nine fawns treated and we
have, as yet, experienced no adverse effects.
We do, however, recommend caution in the
use of this drug.
In their evaluation of fawn-rearing proce-

Halford and Alldredge (1978) concluded that doe-reared fawns had no health
advantage over those bottle-raised. They experienced 67% (6 of 9 total) mortality of damraised fawns to necrobacillosis {Fiisibacteriinn
necrophorum), whereas the mortality of
hand-raised fawns was only 33% (3 of 9 total),
entirely due to E. coli and Streptococcus spp.
dures,

Over three years 14 fawns have been raised
by does, and we bottle-reared 7 orphans.
There was no notable difference in the
tractability of the animals reared by these twc
methods, but there was a marked difference
in favor of elam-reared

fawns in their stature

a^

yearlings and two-year-olds. This was particu-

noticeable in those raised as singles

larly

rather than twins by their dam. If given
choice, raising singles

hibited a faster growth rate
ally

more robust than

twins. In addition, the

on the doe was greatly

lactation drain

c

They ex
and were gener

preferable.

is

re

duced.

Our

visual assessment agreeel with Halfon

who reported signifi
mean body weight
and growth rates of fawns raised by their dam
as compared to those bottle-reared. Our year
and Alldredge

(1978),

cantly higher (P

<

.001)

bucks were ecjual to or larger in stature
than the bottle-raised two-year-olds and were
of substantially heavier build than their bot
ling

tie-raised cohorts.

A more quantitative indica

tion of physical condition

is

the

minimun

breeding age of females (Mackie et al. 1982)
Of two doe fawns sired by the same buck anc
raised concurrently, the dam-raised one ga\(
birth to a fawn at one year of age. This is a rare
occurrence and was not matched by her bot
tie-fed half sister.

There are two major advantages of doe
there is no substi
(1) health

—

rearing fawns:

tute for the dam's nurturing, species specifie
colostriun,

and doe's milk, which has

twice

the nutritional value of cow's milk (Shon
time and inconvenience
1981), anel (2) time

—

cleaning and preparing bottles thret
to five times daily is eliminated, thus allowing
more time for direct contact with the young.

spent

in

|

'April

It

Olson-Rutzetal Mule Deer Fawns

1986
is

unknown whether

a key period for

imprinting on a handler exists.

Our fawns

and
were first exposed to humans between
24 hours after birth. The animals were predominately handled by two people, yet were
in frequent contact with others. Several authors stress the bond formation between handlers and bottle-raised young (Schwartz et al.
1976, Addison et al. 1983). Without the deDendence on a handler for feed, the developnent of confidence between handlers and
lam-reared fawns is very important. Initially,
Dreferential behavior was exhibited toward
he handlers; yet, amity or distrust did de/elop toward anyone with whom the animals
lad contact. The fawns' response to individuils gradually moderated through their first

Provenza, and M. L. Wolfe for helpful suggesand review of this manuscript. Facilities,
animals, and funding were provided by the
Utah Division of Wildlife Resources through
Federal Aid Project W-105-R.
tions
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SUBSPECIFIC IDENTITY OF THE AMARGOSA PUPFISH,
CYPRINODON NEVADENSIS, FROM CRYSTAL SPRING, ASH MEADOWS, NEVADA
Jack E. Williams' and James E. Deacon'

—

Samples of pupfish from Crystal, Marsh, and Point of Rocks springs. Ash Meadows, Nevada, were
Abstract.
examined to determine the subspecific identity of Cijprinodon nevadensis presently inhabiting Crystal Spring.
Meristic and morphometric analyses indicate that Crystal Spring is inhabited by C. n. mionectes The presence of this
subspecies is most likely explained by their precarious survival in the spring's outflow after they were ehminated by
transplanted largemouth bass in the spring pool, and their subsequent reestablishment throughout the spring system
.

after the extirpation of the bass.

Crystal Spring (= Big Spring of Miller 1948)
is

the type locality for the Ash

Meadows pup-

Cyprinodon

mionectes
nevadensis
Miller. Crystal Spring was chosen by Miller
(1948) as the type locality because its pupfish
population "has characters which very closely

fish,

approach the average for the subspecies as
determined by an analysis of all populations."
In recent years, however, the subspecific
identity of the pupfish in Crystal Spring has

been questioned.

On

January 1966,

1

Hubbs, and

R.

R.

J.

E. Deacon, C. L.

Miller searched Crystal

Spring for pupfish and found none (J. E.

Deacon,
at least

field notes; Miller 1969).

al.,

in

Spring.

press),

are within 3

Cyprinodon

km

of Crystal

n. pectoralis also

occurs

nearby springs, such as Indian, Marsh,
School, and Scruggs. The population of C. n.
pectoralis from Indian Springs was particuin

suspect as a source for the Crystal Spring
population because that spring's outflow frequently discharges into the outflow of Crystal
Spring.
Both subspecies of Cyprinodon
nevadensis are listed as endangered by the
U.S. Fish and Wildlife Service.
larly

The potential for surface water connection
among the various springs is compounded by
periodic flash floods, which may distribute
some distance from their usual habiand by the formation of Crystal Spring
Reservoir, which is fed by outflow water from

pupfish

However,

10 transplanted largemouth bass, Mi-

cropterus sahnoides were seen in the main
spring pool. The pupfish population "reap-

tat,

,

peared" by early February 1975 (Liu and Soltz
1983) and was later described as in "fine
shape" with a population of approximatelv
1,500 pupfish (Hardy 1980).

Two

Crystal Spring.

Thus, at least three hypotheses can be employed to explain the recurrence of pupfish in
Crystal Spring:
1.

subspecies of Cyprinodon nevadensis

occur in Ash Meadows. In addition to its presence in Crystal Spring, C. n. mionectes occurs
in a variety of lower-elevation springs (Miller
1948, Soltz and Naiman 1978). Among other
springs, Cyprinodon n. mionectes occurs in
Jack Rabbit, Point of Rocks, the Bradford
Springs, and springs at the northern end of
Ash Meadows that discharge water into the
formerly vast Carson Slough area. Several of
these springs, and an introduced population
of C. n. mionectes at Collins Ranch (Baugh et

pupfish from another spring reached
Crystal Spring by surface water connection,

2.

pupfish from another spring were introinto Crystal Spring by man, or

duced
3.

the pupfish in Crystal Spring were not
eliminated by the largemouth bass but

only reduced to such low numbers that
they appeared to be extirpated.

Because of the geographic proximity of
other springs, either of the first two hypotheses could explain the presence of either C. n.

'us

Fish and Wildlife Service, 2800 Cottage Way. Room E-1823, Sacramento, California
Department of Biological Sciences, University of Nevada, Las Vegas, Nevada 89154.
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mionectes or C.

The

Spring.

pectoralis

n.

would only be appropriate
presence of C.
this

n.

Crystal

in

hypothesis,

latter

of course,

for explaining the

mionectes.

The purposes

of

report are to determine the subspecific

identity of C. nevadensis presently inhabiting

and

Crystal Spring

to explain

their occur-

Materials and Methods

M eristic
were

and

morphological

utilized to

characters

and C. n. pectoralis from Marsh Spring. The
two previous taxonomic studies of C.
nevadensis from Ash Meadows have docu-

number

that the

of pectoral fin rays

and number of preopercular pores in the
cephalic lateral-line system are diagnostic in
separating the two subspecies (Miller 1948,
Miller and Deacon 1973). These two characters plus the structure of the preopercular
canal were used to determine the identity of
the Crystal Spring population.
Thirty specimens longer than 25
SL
were analyzed from each of the following

mm

three collections of C. nevadensis made 17
January 1985 by T. M. Baugh and J. W. Pedretti:

213444. 59 Cyprinodon nevadensis ssp. (26.6-37.9
SL) from

mm

Crystal Spring.
2.

UMMZ

213445. 60 Cyprinodon nevaSL)
from Point of Rocks Springs.
213446. 60 Cyprinodon nevadensis pectoralis (21.2-39.3
SL)
densis mionectes (22.8-35.6

3.

mm

UMMZ

mm

from Marsh Spring.
Samples from Point of Rocks and Marsh
Spring were chosen because of their geographic
proximity to Crystal Spring. Also, Marsh Spring
is

adjacent to Indian Springs and should closely

represent any C.

entered Crystal.

n.

No

pectoralis that

may have

meristic data are available

The
"Indian Spring" referred to in Miller and Deacon
(1973: Fig. 1 and text) clearly is Marsh Spring.
for C.

pectoralis from Indian Springs.

n.

The two

spring systems are in close proximity.

Marsh Spring
outflow
voir.

is

Results and Discussion
After all counts were completed, results
from known samples of Cyprinodon n. mionectes and C. n. pectoralis were compared to
previous results of Miller (1948) and Miller
and Deacon (1973). Results from all studies
were expected to be very similar because the
methodology for performing the counts was

nearly identical.

Counts of the diagnostic meristic characters
of the Point of Rocks Springs population of C.
n. mionectes were verv similar to those given
by Miller (1948) (Tables 1 and 2). Pectoral fin
rays were modal at 16 in both studies and
averaged 15.68 for Miller (1948) and 15.73
(present study). Counts of preopercular pores
were modal at 12 for both studies but averaged slightly higher in Miller (1948) than in

this

UMMZ

1.

is

more northerly and its
impounded by a small reser-

located

partially

were em-

of Miller (1948)

ployed with the exception that only the left
pectoral fin rays were counted. Counts of the
left and right preopercular pores were separated from some analyses so that a count of
7-6, for example, refers to a specimen with 7
preopercular pores on the left side of the head
and 6 preopercular pores on the right. Otherwise, counts on the left and right sides were
combined.

compare the unknown C.

nevadensis from Crystal Spring to populations
ofC. n. mionectes from Point of Rocks Springs

mented

The methods
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study (12.54

v.

12.17, respectively).

Counts of the diagnostic meristic characters
of the Marsh Spring population of C. n. pectoralis also were very similar to the earlier
studies (Tables 1 and 2). The number of pectoral fin ravs were modal at 17 and averaged
16.61 (Miller and Deacon 1973) and 16.50
(present study). Although the presence of 17
V. 16 pectoral fin rays is the primary character
that separates pectoralis from mionectes, the
Marsh Spring population of C. n. pectoralis
has a higher frequency of individuals with 16
pectoral fin rays than other populations within

the subspecies (Miller and

Deacon

1973). Pre-

vious data on preopercular pore counts for the

Marsh Spring population were lacking, so
compared to preo-

data from this study were

percular pore counts of the typical form of the
subspecies from School Spring. Preopercular

pore counts averaged 13.36 in the School
Spring sample (= Lovell's Spring of Miller
1948) and 13.30 in the Marsh Spring sample
(present study).

I
Great Basin Naturalist

222
Table

1.

Comparison of pectoral

fin-ray counts

ofCyprinodou nevadcnsis from three springs

County, Nevada.

Crystal Spring

Miller 1948; Table 16, 1942

Point of Rocks

Miller 1948: Table 16, 1942

present study, 1985
Springs

Marsh Spring

present study, 1985
Deacon 1973:137

Miller and

present study, 1985

8
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=

30.98); Crystal Spring, 28.3-37.9 (33.26);

Marsh Spring, 25.3-39.3

and

Finally, the meristic characters of the Crystal

Spring sample were compared to data from the
original stndy of the Crystal

The warm water

may have

(29.48).

Spring popnlation

223
(30.9 C) of the spring pool

inhibited

reproduction, though
such would not be the case throughout the
cooler outlet ditch and reservoir. This, coupled with constant angling pressure by the

by Miller (1948). Very close agreement is seen in
the average number of pectoral fin rays observed
in the Crystal Spring sample taken in 1942

workers in Ash Meadows, may have eliminated bass from the spring system. Regardless

and in 1985 (present study) (Table
The 1942 sample averaged 15.54 rays,
1).
whereas the 1985 sample averaged 15.63. A similar agreement is seen in the number ofpreopercular pores from samples collected in 1942 and
1985 (Table 2). The 1942 sample included 59% of
individuals with 12 preopercular pores and 27%
with 13. The 1985 sample contained 60% of individuals with 12 preopercular pores and 27% with

that the type locality

(Miller 1948)

13.

Based on the results of
specific identity of the

Spring

is

C.

present C.

mionectes.

n.

n. rnionecfe.s

from those individuals

this study, the sub-

pupfish from Crystal
It

appears that the

population

who

is

descended

ditch

(JED 66-1), only 100 yards of the outlet
were searched. Robert R. Miller (10 Octo-

ber 1985 in
sis

litt.

to

JEW) supported the hypothemay not have been elimi-

that C. n. mionectes

nated from the entire spring system and stated,
in part:
to say

unequivocally that Cyprinodon was gone troin

svsteni [Crystal]

midwater

[ice

The causes

on ground,

is

quite reassuring to

know

Cyprinodon nevadenharbors that unicpie form of
ol^

mionectes still
pupfish and that the spring has rid
introduced bass.
sis

itself of the

Acknowledgments

We appreciate the efforts of Tom M. Baugh
and John W. Pedretti in collecting the pupfish
used in this study. Reviews of this paper by
Robert R. Miller', Cynthia D. Williams, and
Donna L. Withers are gratefully acknowledged. Also, permission to quote from
Miller's insightful missive

is

appreciated.

this

Literature Cited

1

of disappearance of largemouth

,

Natur. In press.

Hakdv.T

1980.

The

Inter-basin area report 1979. Proc.

Desert Fishes Council. ll(for 1979): 5-21.
Hi' BBS, C L, and R R. Miller. 1965. Studies of
cyprinodont fishes. XXll. Variation in Lucania
parva its establishment in western United States,
and description of a new species from an interior
basin in Coahuila, Mexico. Misc. Publ. Mus.
Zool., Univ. Michigan. 127: 1-104.
Liu. R. K., AND D. L. Solty. 1983. [Letter to E. P. Pister
dated 19 February 1975], Proc, Desert Fishes
Council. 7(for 1975): 209-210.
Miller, R R 1948. The cyprinodont fishes of the Death
\'alley system of eastern California and southwestern Nevada. Misc. Publ. Mus. Zool., Univ. Michi,

gan. 68: 1-155.

1969. Conservation of fishes of the Death Valley
system in California and Nevada. Cal-Neva Sec.
Wildlife Soc. Trans. 1969: 107-122,
Miller, R R., and J. E. Deacon. 1973, New localities of
the rare Warm Spring pupfish, Cyprinodon
nevadensis pectoralis from Ash Meadows, Nevada. Copeia. 1973: 137-140,
,

SOLTZ,

bass from Crystal Spring are uncertain as well.

M

T
J E Williams, D A. Buck and J E Deacon. New distributional records for Cyprinodon
nevadensis mionectes, an endangered pupfish
from Ash Meadows, Nevada. Southwestern

B.u'c;h,

would be awfully hard

to defend. In
January 1966] you might
not expect to see pupfish, especially when they had been
impacted for X-years by that dastardly predator Micropterus salmoides. Granted that the pupfish could certainly have been wiped out at the main spring pool. I
think it is unjustified to assume they were eliminated
throughout the long outlet ditch as well.

frigid

it

withstood the pres-

sure from largemouth bass. The question as to
whether the present Crystal Spring population
persists by natural occurrence, was introduced,
or made its way by surface water connection
from another C. n. mionectes population may be
answered as follows. Although the predaceous
largemouth bass apparently eliminated C. n.
mionectes from the spring pool at Crystal, it ma\'
be that some pupfish survived in the spring outflow. According to field notes of one of the authors

of the causes,

D L AND R.

1978, The natural history
J. Naiman,
of fishes in the Death Valley system, Nat. Hist.
Mus, Los Angeles County Sci, Ser. 30: 1-76,
,

'

TWO ABERRANT KARYOTYPES IN THE SAGEBRUSH LIZARD
{SCELOPORUS GRACIOSUS): TRIPLOIDY AND A "SUPERNUMERARY" ODDITY
Pamela Thompson'

"

and Jack W.

Sites, Jr.

—

Abstract.
Widespread karyotypic sampling in the lizard Sceloponis ^raciosiis Baird & Girard has confirmed
previous reports of chromosomal monotypy. Most individuals throughout the range have a diploid karyotype of 2N =30
consisting of 12 biarmed macrochromosomes and 18 microchromosomes. A single female karyotyped from the vicinity
of Riverside, California, was unmistakably triploid, showing 3N =45 with 18 macrochromosomes and 27 microchromosomes. This female appeared phenotypically normal but appeared reproductively incompetent. A male from Zion
National Park, Utah, showed an extra bivalent in some diakinesis arrays, which apparently represents a supernumerary

chromosome.

A major study is currently in progress to
determine the population genetic structure of
the chromosomally monotypic sagebrush
Sceloponis graciosus Baird & Girard.
In this study 112 individuals from seven western states (AZ, CA, CO, ID, NV, UT, WY)
were karyotyped to confirm chromosomal
monotypy, and all but two individuals showed
the previously reported 2N = 30 normal karyotype (Gole 1971, 1975a, Jackson and Hunsaker 1970). One showed a triploid karyotype,
and another possessed an extra bivalent in
diakinesis spreads. The former represents the
third known case of unusual triploidy in a
species of Sceloponis and the latter may be
an example of a supernumerary chromosome.
lizard,

,

Methods
Lizards were captured alive by noosing or
by stunning with rubber bands. Karyotypes

were prepared according to Baker et
from

al.

(1982)

testes, in the case of reproductively ac-

tive males, or

from bone marrow

in the case of
postreproductive
males. Prior to karyotyping the lizards were
injected with a yeast-sugar solution (Cole and
Leavens, 1971) to increase the mitotic index.
Treated suspensions of bone marrow or testes
cells were dropped onto clean microscope
slides and stained with a 6% Giemsa phosphate solution (Patton 1967). At least five
metaphase spreads were scored on most indi-

juveniles,

females,

or

viduals.
Department of ZooloKy, Brigham Vi
Department of Biology, Idaho State

Results

Of

the

112 lizards

we

karyotyped,

110

showed the normal 2N = 30 karyotype, which
consisted of 12 metacentric or submetacentric

macrochromosomes (12M) and 18 microchromosomes (18m) (Fig. lA). Macrochromosome
pair two in metaphase cells with elongate
chromosomes frequently showed terminal
satellites (see

arrow Fig. lA) similar

to those

reported by Cole (1971) for this species. One
adult female showed a triploid karyotype.
3N = 45, consisting of 18 meta- or submeta

macrochromosomes, and 27 mi
crochromosomes. (Fig. IB).
Diakinesis arrays from testes of 90 repro
ductively active males almost always con
sisted of six macrochromosomal and nine mi
crochromosomal bivalents (Fig. IC). Onf
adult male, however, showed one extra mi
crochromosomal bivalent in seven of 44 cell;
examined (Fig. ID). Seven other array;
showed the more typical nine microchromosomal bivalents, while the remaining 3(
spreads were incomplete.
centric

Discussion
Karyological work done on

S. graciosus includes 17 specimens examined by Cole (1971,
1975a) from Arizona, California, Colorado,
New Mexico, and Utah, five specimens examined by Jackson and Hunsaker (1970) from
California, and 112 specimens examined by us

l'l,ili84(S02-

Idatio .S;3209.
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1.
Karyotypes of Sce/oporusgradosus. Bar represents 10 |xm for all karyotypes. A, Normal 2N = 30 (12M + 18
karyotype with terminal satellites (see arrow) on pair two (juvenile, BYU 37620). B, Triploid 3N =45 (adult female,
BYll 38201). C, Normal diakinesis array showing nine microchromosomal bivalents, (adult male, BYU 37975). D,
Diakinesis array showing extra "bivalent (adult male, BYU 37608).

Fig.

n)

rom the above states as well as Idaho, Neand Wyoming. Of 134 individuals kary-

vada,

otyped thus far, only two individuals with the
momalies illustrated above (Fig. IB, ID) deviate from the normal 2N = 30, 12M + 18m
3attern. Since both the anomalous individuals

within their respecpopulation samples (the triploid was one
)f seven individuals karyotyped from San
Bernardino County, California, and the individual with an extra chromosomal bivalent
A^as one of seven specimens karyotyped from
?;ion National Park, Utah), it is likely that
hese cytotypes are not widespread.
Most reported cases of triploidy in lizards
ire associated with parthenogenetic popula-

A'ere single isolated cases
:ive

have originated bv interspecific hvbridization (Bickham
1984, Cole 1975b, 1984, Hall 1970). However, isolated cases of triploidy have been
found in nonparthenogenetic lizard species. A
single aberrant triploid individual was reported by Witten (1978) in the Australian
agamid Amphiholurus nohhi. Additional
cases of triploidy have been reported for two
species oiSceloporus From a sample of 1,300
lizards karyotyped. Hall (1973) scored four
tions or species that are thought to

.

triploid

individuals

of the

chromosomally

grammiciis complex. Three of
these were males of three different chromo-

variable

some

S.

"races" or cytotypes.

male discovered

in a

The

fourth, a fe-

hvbrid zone between two
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cytotypes, possessed two chromosome sets
from one parental cytotype and one from the
other. The hybrid nature of this karyotype led

Hall to suggest that this female may represent
an incipient parthenogen. The second example in the genus Sceloporus was a triploid
adult female of S. occidentalis reported by
Cole (1983) from a sample of 16 individuals
karyotyped from the Pine Valley Mountains of
southwestern Utah. At this locality S. occidentalis occurs sympatrically with three other
species oi Sceloporus but there was no evi,

dence that interspecific hybridization was

in-

volved in the production of this triploid. Furthermore, comparative study of the reproductive tracts of other adult S. graciosus collected the same day indicated that the triploid
was sterile, having small unplaited oviducts
compared to the broadly plaited oviducts and
yolked follicles of the other females.

The

triploid

example we report herein ap-

pears also to be an aberrant individual of nonhybrid origin, as all three haploid sets are

morphologically typical of S. graciosus (Fig.
IB). This individual appeared to be a phenotypically normal adult female. The range of
the four scale counts plus body length taken
from all females collected from the San
Bernardino County locality (N = 5) are as follows (triploid value in parentheses): (1) scales
around midbody, 50-61 (50); (2) dorsal scale
count, 48-53 (50); (3) total fourth toe lamellae,
46-50, (50); (4) total supraoculars, 13-15 (14),
and (5) (snout vent length, 56-60
(56). A
noticeable diflPerence was observed, however,
in the reproductive condition of these five
females. Whereas the four diploids possessed
visible paired oviducts and either a shelled
egg (in the case of one female) or small clusters
of yolked eggs, the triploid uniquely possessed massive fat reserves and lacked visible
paired ovaries and oviducts. We interpret this
as sterility in the triploid female.

mm

interpret, as there are no metaphase
spreads or secondary spermatocytes available
for this individual. The simplest explanation is
that this extra element represents a single
to

supernumerary or B-chromosome. It might
represent an extra microchromosomal
bivalent, although the resolution on our slides
does not permit this distinction to be made.
also

The

not

fact that

possessed

all cells

element suggests

that, if it

or extra bivalent,

it is

is

this extra

B-chromosome

a

not being distributed to
stress the

after mitotic division.

all cells

We

very tentative nature of our interpretation and
recognize the need for additional meiotic and

C-band studies (see Patton, 1977,
example with rodents).

for a recent
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FOOD HABITS OF CLOUDED SALAMANDERS {ANEIDES FERREUS) IN
CURRY COUNTY, OREGON (AMPHIBIA: CAUDATA: PLETHODONTIDAE)
John O. Whitaker,

Jr.',

Chris Maser", Robert M. Storing and Joseph

J.

Beatty'

—

Abstract.
Stomach contents of 650 clouded salamanders (Aneidesferreus), collected monthly throughout the year
from Curry County, Oregon, were examined. Samples from three age classes were involved: (1) 489 adults, (2) 131
juveniles, and (3) 30 hatchlings. Foods did not vary by se.x, but did vary by age and by season. Hatchlings ate small
items, particularly mites, springtails, flies, and small beetles. Juveniles fed mainly on flies, isopods (sowbugs), beetles,
mites, and centipedes in winter; beetles, ants, and isopods in spring; ants and beetles in summer; and isopods, beetles,
and ants in fall. Adults ate isopods and beetles as their major foods in winter, spring, and fall and isopods, ants, beetles,
and earwigs in summer. Four species were exceedingly important as foods for these salamanders: an unidentified
isopod, the snout beetle (Trachyphloeus bifoveatus), the European earwig {Forfictila auricularia), and an ant {Lasim
alienus).

The clouded salamander (Aneides ferretis)
found from coastal northwestern California
northward throughout western Oregon west
of the Cascade Range to the Columbia River.
Disjunct populations occur on Vancouver IsIn Oregon the
land,
British Columbia.
clouded salamander is found from sea level to
elevations of about 1525 m (Beatty 1979).
is

Aneides ferreus is associated with two basic
talus
types of habitat throughout its range
and fallen trees (Beatty 1979). Large fallen
trees are the product of old-growth forests

—

(Franklin et

Oregon the
reus

is

al.

1981, Harris et

fallen tree habitat

al.

1982). In

used by A. fer-

essentially Douglas-fir (Pseudotsiiga

menziesii) in varying stages of decomposition

(Beatty

1979,

Phillips et

al.

Maser

and

Trappe

1984,

Our study was undertaken to gain a more
comprehensive idea of the food habits of A.
ferreus throughout the year, by size groups,
and by sex. All salamanders had been collected and preserved in connection with i
previous study (Beatty 1979).

Study Area

The study

i

area, located 9.5

km

south of th(

Curry County, Oregon, is in th(
Sitka spruce {Picea sitchensis) zone within th(
Klamath Mountains Province (Franklin an(
Dyrness 1973). The study area was burned ii
1937 and 1938 and was salvage logged in th<
late 1950s and early 1960s. It has since beei
grazed continuously by domestic sheep (Ovi
Pistol River,

aries) (Fig.

1981).

The area

1).
is

open (low grass-forb vegetation

There have been few food-habit studies of
A. ferreus. Fitch (1936) examined the stomach of five specimens from the Rogue River
Valley in southwestern Oregon. Storm and
Aller (1947) examined 63 stomachs from A.

with clumps of swordfern {Pohjstichum muni

ferreus found in decaying Douglas-fir logs in

nica),

Bury and Martin (1973)
compared the distribution and foods of four

Several large, charred Douglas-fir snags

western Oregon.

species of plethodontid salamanders, includ-

redwood region of
they examined 29 stom-

ing A. ferreus, from the

northern California;
achs of this species.

and

turn)

trailing

The widely

Sitka spruce,
ziesii),

still

Pacific

madrone [Arbutus men

California laurel {UmbeUularia califor

and clumps of red alder (Alnus rubra)

standing

when

habitat o( A. ferreus (Fig.

Corvallis,

Oregon

\ver(

the salamanders were col

lected (from 1974 through 1977), and the lam
was strewn with many large, fallen, decompo.s
ing, Douglas-fir trees. These trees composed th(

Department of Life Sciences, Indiana State University, Terre Haute, Indiana 47809.
^U.S. Department of the Interior, Bureau of Land Management, Forestry Sciences LaboratorN,
Department of Zoology, Oregon State University,

blackberry {Ruhus ursinus)

scattered trees include Douglas-fir

973.31
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:52(K) J.-ftc

1).

illis,

Oregon 97331.
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Fig.

Study area, 9.5

1.

ihitat

km south of the

Pistol River,

Curry County, Oregon. The
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large,

woody

materials formed the

of the clouded salamander.

Materials and Methods

The salamanders were collected by dissectfallen trees and were placed in refrigerited containers to keep them cool and moist,
rhey were transported to the laboratory
ng

A^ithin

24 hours (except the

May

0.2% chlorobutanol, fixed
ormalin-acetic acid (AFA), washed

dlled in

quency of occurrence in stomachs, and percent frecjuency that each item composed of
the total number of items. Data were separated by month, year, age class, and sex in the
adult salamanders.

sample),

Results and Discussion

in alcoholin

running

water for 24 hours, and stored in 63%
Snout-vent length (SVL) was measured from the tip of the snout to the anterior

To deterthere were any qualitative differences
in feeding behaviors because of age, we sepa-

idge of the cloaca.

rated the data into the following age classes:
(1) adults (SVL > 45 mm), (2) juveniles (SVL

:ap

3thanol.

The stomachs were opened later and the
Dreserved food items were removed. Salananders from every month of the year, except
had food in their stomachs; the lack of
specimens taken in May was probably
he result of not preserving them soon enough
ifter capture. Food items were examined in

Results are given in Tables 1-6.

mine

if

22-44 mm), and

Vlay,

bod

lissecting microscope.

power zoom
The food was identi-

ied as completely as possible, counted, and
jercent volumes visually calculated for each
ype of food in each stomach. Data were then

summarized

as

mean percent volume,

fre-

hatchlings

Adults (SVL

in

vater with the aid of a 10-70

(3)

(SVL 14-19

45+ mm)

appeared that foods of adult A. ferreus
did not vary greatly by sex. To assess similarities and differences we used four of the larger
individual samples: (1) 32 males, 54 females;
It

24 March 1976;
April 1975;
1976;
1974.

(4)

(3)

(2)

15 males, 16 females; 11

18 males, 13 females; 13 August

15 males, 14 females; 30

November
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Table 1. Food eaten in winter (December-February) by 55 Adult Aneidesferreus (snout-vent length 45+
Curry County, Oregon.

mm) from

Total percent

Food item
ISOPODA

Percent

Percent of

volume

individuals

44.0

39.4

COLEOPTERA
Curculionidae
Trachyphloeus bifoveatus

16.1

Brachyrhinus rugosostriatus
Chaetechus setiger

0.7

Unidentified

0.3

1.8

Carabidae

Amura

sp.

0.7

Scarabaeidat

Aphrodius crihratulus
Unidentified adult

2.6
0.7

Dermaptera
Forficula aiiricularia

10.8

Diptera
Sciaridae

2.9

Mycetophilidae
Phoridae

0.1

Unidentified larvae

0.9

Araneida
Gnaphosidae
Autrodiaetus pacificus
Ebo sp. probably pepinensis

Amaurobiidae
Micryphantidae

Chilopoda
DiPLOPODA

1.9

2.1
1.0

0.2
0.9

0.04
1.8
1.8

Homoptera
Aphididae
Cercopidae

0.3

Cicadellidae

0.2

0.2

Hymenoptera
Formicidae
Aphaenogasfer subterraneus

0.6

Lasius aliemis

0.1

Unidentified

0.04

Neuroptera
Hemerobiidae
Hemiptera
Tingidae

ACARINA

0.7
0.3
0.1

COLLEMBOLA

0.04

Vegetation
Unidentified insect

3.3

Shed

1.1

skin

1.7

volume

for

major group

April 1986

Whitaker

i
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Table 2 continued.

Percent

Food

itei

volume

Pe

No. 2

^

April 1986

Table 3 continued.
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Table 4. Foods eaten
Curry County, Oregon.

in fall

(Septemhei -November) by 125 aduliAncidesferreu.s (snout-vent length 45+

Food item
ISOPODA

COLEOPTERA
Curculionidae
Trachtjphloeus bifoveatus

Chaetechus setiger
Sitona hispidiilus

Unidentified

Carabidae
Calathiis ruficoUis

Unidentified

Tenebrionidae
Phthora americanum
Unidentified
Scarabaeidae

Aphrodius

sp.

Staphylinidae

Atheta sp.
Pselaphidae
Batrisodes sp.

Unidentified
Unidentified larvae

Hymenoptera
Formicidae
Lasius alienus

Aphaeonogaster subterranea
Ant species #9

Tapinoma sessile
Camponotus vicinus
Stenamma diecki
Stenamma sp.
Ant species #10
Unidentified

Vespidae
Braconidae
Unidentified

Dermaptera
Forficida auricula ha

Araneida

Vol. 46, No. 2

mm) from

Whitaker et al.: Salamander Food Harits

April 1986

Table 4 continued.

Food item
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Table

.5.

Presented

as

Foods of 1.31 juvenile Aneides ferreus (snout-vent length 20-4.5
percent volume and percent of prey individuals.

Vol. 46, No. 2

mm

from Curry County, Oregon.

April 1986

Whitakeretal.: Salamand
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Whitakeretal.: Salamander Food Habits

April 1986

into two size classes: (1) 17 individuals with a
snout- vent length of 14-18 mm, x - 16.9, and
(2)

21 individuals with a snout-vent length of
mm, x = 29.3. Stomachs of hatchlings

concentrate the salamanders' food; for example, some beetles and flies, eaten by the salamanders, depend on these trees for part or all

24-36

of their

contained mites (30.3%) and springtails
(27.9%); these two foods totaled 58.2% of the
diet. Stomachs of juveniles contained only
7.0% springtails and 2.5% mites for a total of
9.5% for these two items.

ther, large,

Hatchlings (SVL 14-19

Among

nest was found 13

one collected in April, hatchlings (<20 mm
SVL) were found from November through
February. Of these, 17 were taken in fall and
13 in winter (Table 6). As expected, food items
were small. Major foods in the fall sample, in
order of decreasing volume, were mites,
springtails, and very small beetles. These
three groups composed 72.9% of the total volume. The mites and springtails occurred in
about 70% to 75% of the stomachs, and the
three together accounted for 93.7% of the
prey items in the sample. No flies were found.
Small food items also dominated the winter
sample. Springtails formed the most abundant prey items (56.3% of the total), but
flies
primarily dark-winged fungus gnats,

—

main moist inside during summer drought
(Maser and Trappe 1984) and thereby maintain quality habitat not only for the

salamander but also

for

its

clouded

food supply.

Acknowledgments

contained 100% yellowish material, thought
to be yolk. The sixth had a stomach that contained three mites (5% by volume), an ant
{Tapinoma sessile) (15%), a mycetophilid fly
(30%), and a linyphyid spider (50%). Some
feeding may therefore occur while the young
are still in the nest.
With the exception of the above young and

—

made up the greatest collective
volume (27.7%). In order of importance, by
decreasing volume, were flies, springtails,
very small beetles, mites, and spiders.
Sciaridae

cycles (Deyrup 1975, 1976). Furdecomposing Douglas-fir trees re-

six

by both an adult male and
September
1976. Five of the nestlings had stomachs that

The

life

mm)

the smallest salamanders were

nestlings attended

female.
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WINTERING BATS OF THE UPPER SNAKE RIVER
OCCURRENCE IN LAVA-TUBE CAVES
David

PLAIN:

L. Center'

—

Distribution and habitat selection of hibernating bats at the Idaho National Engineering Laboratory
Abstract.
(INEL) and adjacent area are reported. Exploration of over 30 lava-tube caves revealed that two species, Mijotis leibii
and Plecotus toivnsendii hibernate in the upper Snake River Plain. Five species, M. liicifu^us, M. evotis, Eptesicus
fusciis, Lasiomjcteris noctivagans, and Lasiurus cinereus are considered migratory. Mijotis leibii and P. townsendii
hibernate throughout much of the area, occasionally in mixed-species groups. Mijotis leibii uses the dark and protected
regions of the cave, usually wedged into tiny pockets and crevices near or at the highest portion of the ceiling.
Individuals of P. townsendii may be found at any height or depth in the cave. Temperature appears to be the primary
limiting factor in habitat selection. Mijotis leibii was found in significantly cooler air temperatures than P. townsendii
Neither species tolerated continuous temperatures below 1.5 C. Relative humidity does not seem to be a significant
factor in the distribution or habitat selection of the two species in lava-tube caves.
,

Field studies in the northern Rocky
tains

have provided

fairly

Moun-

comprehensive

records of bats for discontinuous geographic
locations (Fenton et

al.

1983, Center 1985b,

Swenson and
Shanks 1979). However, information regarding wintering species and their ecological requirements in the region is minimal.
An intensive survey of potential bat hibernacula, population size, and species composition was conducted during the winter of
1984-85 at the Idaho National Engineering
Laboratory (INEL). Additionally, distribution and microhabitat preference of each speNegus

cies

and

Findley

1959,

were investigated.

Playas. All caves studied

were

stricted to the basalt flows (Fig.

lava tubes re1).

Temperatures were recorded with a Taylor
bulb thermometer. Relative humidity was determined using a sling psychrometer (Taylor
Instrument Co., Rochester, New York). Observations were made from 12 December
1984 to 27 January 1985, between 1000 and
1600 MST. Temperature and relative humidity were measured within each cave at the
entrance and throughout the cave at approximately 15 m intervals regardless of the presence of bats and at sites where bats were
hibernating. Voucher specimens are in the
Zoological

Museum

of the University of

Mon-

tana and in the vertebrate collection of the

Study Area AND Methods

The INEL

is

Lemhi

and Lost River Mountain ranges. The elevation of this predominantly level plain averages
1,525 m. Two volcanic buttes near the southern boundary rise to 1,993 m. The vegetation
is typical of the cold-desert in the Great Basin
region. Recent basalt flows cover the southwestern portion of the site, extending
throughout the adjacent Craters of the Moon

position,

Monument (CROM). The

northeast-

complex mixture of volcanic deglacial debris, and Lake Terreton

is

and

Laboratory

the

at

Environmental

Sciences

INEL.

on the upper Snake River

Plain near the southeastern ends of the

National
ern area

Radiological

a

Department of Zoology, University of Montana. Missou
1515 E. 6th Avenue. Helena, Montana .59620.

Results
Hibernating populations of Mijotis leibii
and Plecotus townsendii were found. Nine of
the 31 caves investigated contained a total of
185 P. townsendii and 78 M. leibii (Table 1).
Successive counts in each of several caves revealed that the number of individuals of each
species remained constant within any cave.
Plecotus townsendii were observed to move
about within caves, but M. leibii apparently
did not. Temperature within caves containing
Present address: Montana Natural Heritage Program, State Library Building,
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Craters of
the Moon

®

Fig. 1. Bat hibernacula of the INEL basalt flow. 1, EBR II Cave 3. 2, EBR II Cave 4. 3, Rattlesnake Caves.
Moonshiner's Cave. .5, Middle Butte Cave. 6, Catscat Cave. 7, Sixteen Mile Cave. 8, Arco Tunnel.

bats ranged from

-1

.

2 to

7.

C. Temperatures of

hibernacula were more limited. Mijotis

was found
(X

=

2.4

in air

±

p

<

warmer

.05),

4.8

containing only M.

regions of the caves

±

0.96; see Table

leihii

than those containing only

± 1.38andX =

2.49,

found

p

<

C

.05).

in the

=

(t

with temperatures ranging from

2.2to7.0C(X =

1.8

to 5.5

0.82). Plecotus townsendii inhabited

significantly

2.91,

temperatures from 1.5

leihii

4.7

Myotis

warmer

±

1).

were colder
P.

Caves
overall

townsendii (X =

0.51, respectively;

leihii

t

=

would commonly be

regions of cold caves (sub-

townsendii was never
found in caves with extensive areas of subfreezing temperatures.
freezing),

whereas

P.

4,

humidity varied widely among
43% to 100%). Hibernacula humidity
ranged from 65% to 80% for M. leihii and from
68% to 100% for P. townsendii but was not
significantly different between species (t =
Relative

caves (<

1.22;

p>

.i).

Each species used

different types of roosts
within the caves. Myotis leihii was closely associated with textured and rimatious substrates. Eighty percent wedged themselves in
crevices facing outward. All but 2 of the remaining 15 bats were in hollow depressions.
In contrast, P. townsendii hung in exposed,
open areas of the cave. M. leihii hibernated
with the ventrum against the cave surface.

April

1986

Table

1.

Genter: Wintering Bats

Mean temperature and relative humidity
mean temperature for their roost sites.

counted with

with standard deviation for each cave.
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Number

of each species

,
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GROWTH RATES OF MULE DEER FETUSES
UNDER DIFFERENT WINTER CONDITIONS
Richard M. Bartmaiin'

— Based on forehead-rump length, growth

rates of mule deer (Odocoileus hcmiomis) fetuses in Piceance
were slower during severe winters than during moderate ones. Growth rates in both situations were
slower than reported for both mule deer and white-tailed deer (Odocoileus virginiamis) fetuses from captive does.

Abstract.

Basin, Colorado,

Fetal forehead-rump

Methods

measurements have

displayed strong correlations with age in mule

deer {Odocoileus hemioniis) (Hudson and
Browman 1959) and white-tailed deer (O. virginianus) (Cheatum and Morton 1946, Short
1970).

These relationships were developed

with captive deer maintained on artificial rations and provide no indication of variability

may occur

in fetal growth rates under
environments. Verme (1963)
reported slower fetal growth in captive whitetailed does in poor condition during the last

that

stress in natural

third of gestation, and a possible relationship
between poor doe condition and slower fetal
growth was reported for white-tailed deer in
New York (Jackson and Hesselton 1973).
The I97I and 1972 winters in Piceance
Basin, northwestern Colorado, were relatively moderate compared to harsh conditions
in 1973, when an estimated 40% of the deer
population perished (Bartmann and Bowden

1984).

The

severity of the latter winter

lowed examining the eflfects of undue
fetal growth rates of mule deer.

stress

al-

on

Study Area
Piceance Basin includes about 1,722 km" of
pinyon-juniper (Piniis edulis-Jiiniperus osteosperma winter range for mule deer at elevations between 1,675 and 2,285 m (Bartmann and Steinert 1981). Deer begin
migrating to winter range in early October,
with return migration to summer range in
)

April and May.

Deer movement

across sev-

major roads, particularly during late winter and spring, often results in a high incidence of road-killed deer.
eral

Colorado Division of Wildlife Research Center, 317 West Prospect, Fort Ci

Fetuses were acquired from 83 mule deer
10+ years, and included 58
road-kills, 18 trapping mortalities, 6 fencekills, and 1 predator kill. Deaths occurred 25
March-13 May 1971 (N - 13), 21 January-14
April 1972 (N = 19), and 19 Januarv-13 May
1973 (N = 51). Date of death was known for 54
does and known to within a maximum of two
days for the remainder. Fetal data were taken
only from does with the abdominal cavity indoes, aged IV2 to

tact

and

all

fetuses

undamaged. Forehead-

rump measurements were made

described

as

by Armstrong (1950). Measurements for twins
were averaged to provide a single value.
Separate linear regressions of

fetal

fore-

head-rump length (mm) (Y) on collection date
(Julian day) (X) were calculated for each year's
data. Separate linear regressions were also
calculated from data for known-age mule deer
(Hudson and Browman 1959) and white-tailed
deer (Cheatum and Morton 1946) fetuses
48-174 days old. Fetal ages in this study were
estimated to be within this age range, and
Short (1970) indicated a linear relationship
adequately reflected this period of fetal
growth.
Regression line slopes for Piceance deer

were compared to those for known-age mule
deer and white-tailed deer fetuses to test for
differences in growth rates. I emphasize that
the

X variable

whereas

in this

for the

study

is

collection date,

known-age fetuses

it is

fetal

age. Collection date for a given deer can

be

written as age in days minus an unknown constant plus an error. If the population of deer
fetuses was completely measured on a given
lins,
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r2 = 0.56

Y= 322.0 + 0.15 X

360

lal

(bl

Y = 314.9 + 0.29X

• •••'

150

COLLECTION
in estimated breeding date with change in collection date of mule deer fetuses in Piceance Basin,
1971-1972 and (b) 1973 using the fetal growth rate calculated from data of Hudson and Browman (1959)
1971-1972 and (d) 1973 using the fetal growth rate of Thomas (1970),

Fig. 2.

Colorado,

and

(c)

Change
(a)

gestation fetal data are collected, the later the

manuscript review and

breeding date estimate.
Thomas (1970) derived a fetal growth rate
for Columbian black-tailed deer (O. h. columhianus) (Y = 2.57X - 83.6) based on fetuses
from wild does plus known-age fetuses from
two captives. This growth rate better characterized fetal growth in 1971-1972 because the
regression line slope, although negative, was
not different from (P = 0.23) (Fig. 2c). However, slower fetal growth in 1973 still pro-

Klein, Jr., for field assistance. D. C.

duced a slope

>0 (P =

0.02) (Fig. 2d).
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DENNING HABITAT AND DIET OF THE SWIFT FOX IN WESTERN
SOUTH DAKOTA
Daniel VV. Uresk' and Jon C. Sharps"

—

Abstract.
Swift fox (Vulpes velox) were investigated in western South Dakota to determine food habits and
enning site characteristics. Over a three-year period food habits consisted of mammals (49%), followed by insects
7%), plants (13%), and birds (6%). Dens were located near hilltops within two habitat types, shortgrass and midgrass
rairie; each type is characterized by differing plant species. Soil type was not a selective factor for den sites of swift fox.
[anagement considerations for enhancing swift fox populations are presented.

The

{Vulpes velox), a threatened
was reported to be
bundant on the Great Plains when settlers
rrived (Egoscue 1979). With the increasing
sttlementofthe northern High Plains, popuitions of swift fox dechned, and by 1900 the
pecies was rare in its northern range (Beck
swift

fo.x

located on the Pine Ridge Indian Reservation,

958, Soper 1964,

Shannon County, South Dakota, approximately 23 km north of Oglala. This area is a
broad flood plain with gently sloping to undulating upland prairie, bordered by the White
River to the north. Badland outcroppings,
which are found throughout the Pine Ridge
area, are typified by bare soil; soil types are

)akota swift fox sightings

primarily clayey to sandy-clay-loam. Annual

pecies in South Dakota,

Egoscue 1979). In South
were not reported
etween 1914 and 1966 (Hilhiian and Sharps
978). The dechne of the swift fox population
as been attributed to the loss of natural
rairie habitat, predator and rodent control
rograms, excessive trapping, and hunting
igoscue 1979).
Since 1975 a small population of swift fox
as been present in South Dakota, which proided an opportunity for observation of food
abits and habitat characteristics around dening sites (Hillman and Sharps 1978). Other
ivestigations on food habits and habitat of
enning sites have been reported bv Kilgore
L969) in Oklahoma and Cutter (1958a, 1958b)
1 Texas. However, very little information is
vailable on swift fox food habits and den site
haracteristics within the northern range of its

precipitation averages 41 cm, with an annual

snowfall of 79 cm.

Dominant vegetation con-

[Buchloe dactijloides),
needleleaf sedge {Carex eleocharis), blue
grama {Bouteloua gracilis), and western
wheatgrass {Agropyron smithii). Livestock
sists

of buffalograss

graze throughout the area.

The second study area was located in Haakon
County, 40 km north of Philip. This area is characterized by gently undulating hills with numerous livestock watering ponds. The soil type is
primarily clay to clay-loam. Annual precipitation
averages 43 cm, with an annual snowfall of 30
cm. Dominant vegetation of this area includes
western wheatgrass, buffalograss, and blue
grama. Livestock graze the area and, in addition,
there

is

some farming.

istribution.

The objectives of this study were

to determine
and habitat characterwestern South Dakota.

Methods

)od habits of the swift fox
itics at

denning

sites in

Study Area

The study areas selected were known to
ave viable swift fox populations. The first was
USDA

Swift fox were located by spotlighting
within each of the study areas. On the Pine
Ridge study site, three natal dens were studied during 1977 and 1978 and four in 1979.
One natal den was studied north of Philip

during 1978 and 1979.

Forest Service, Rocky Mountain Forest and Range Experiment Station, Rapid City, South Dakota 57701

-South Dakota Department of Game, Fish, and Parks, Rapid City, South Dakota 57701.
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1.
Major plant species characterizing den
South Dakota.

Table
in

sites of swift fox at

Vol. 46, No. 2

two study areas (frequency of occurrence

%
Grass and Gr-^sslike
Western wheatgrass (Agropyron smithii)
Little bluestem (Schizachyritim scoparium)
Red threeawn {Aristida longiseta)
Blue grama (Bouteloiia gracilis)
Japanese brome (Bromus japonicus)
Cheatgrass brome {Bromus tectonim)
Buffalograss {Buchloe dactijloides)

Si.xweeks fescue (Vidpia octoflora)

Needleandthread {Stipa comata)
Needleleaf sedge {Carex cleocharis)

FORBS
Onion {Allium

spp.)

Pinnate tansy mustard {Descurania pinnata)
Curlycup gumweed {Grindelia squarrosa)
Prairie sunflower {Helianthus petiolaris)

Stickseed {Lappula redowskii)

pepperweed {Lepidium densiflorum)
pepperweed {Lepidium virginicum)
Dotted gayfeather {Liatris punctata)
Rush skeletonplant {Lygodesmia juncea)
Black medic (Medicago lupilina
Yellow sweetclover {Mclilotus officinalis)
Musineon {Musineon divaricatum)
Prairie

Virginia

Hoods phlox {Phlox

hoodii)

Scarlet globemallow {Sphaeralcea coccinca

Field pennycress {Thlaspi arvense)

Vetch {Vicia spp.)

Shrubs
Silkv

Fretiiicncy of occurrence

Pine Ridge

Species

wormwood

{Artemisia dracunculoides)

32

Phihp

>

5%)

April 1986

Table

2.

Uresk, SHARPS: Swift Fox

Dietary composition (% relative Irequency) of swift fox scats collected
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mouse (Perognathus hispidus), northern
pocket gopher {Thomomys talpoides), deer
mouse {Peromyscus maniculafus), thirteenhned ground squirrel {Spennophihis tridece7nlineatiis), northern grasshopper mouse
{Onychomys leiicogaster), western harvest
mouse {Reithrodontomys megalotis), eastern
whitecottontail
{Sylvilagus floridamis),
tailed jackrabbit (Leptis townsendi), voles
{Microtus spp.), shrews {Sorex spp.), and undetermined Mustelidae. Cattle remains originating from carrion were also found in the
scats.

adequate

Vol. 46, No. 2

drainage.

Swift

clean their dens and pull

fox
soil

entrance, often in one direction indicating

and
Sharps 1978). In our study dens were generally exposed in an easterly direction, and the
natal dens had an average of four openings per
den complex.
that the soil has a loose structure (Hillman

Prairie dogs, grasshoppers and beetles
were the major components of the swift fox
diet. Mammals provided 49% of the diet and
insects 27%. In Texas Cutter (1958b) found

34% of the swift
mammals provided 34%. Cot(Sylvilagus spp. provided over 50% of

that invertebrates provided

Birds present in the scats included: West-

ern Meadowlark (Sturnella neglecta). Chestnut-collared Longspur (Calcarius oniatus).
Mourning Dove (Zenaidura inacroura).

Horned Larks (Eremophila

alpestris).

Lark

melanocorys), and
Red-winged Blackbirds (Agelaius phoeniceus). Insects included were Orthoptera
(grasshoppers) and Coleoptera (beetles).
Plants included grass and cactus (Opuntia

Bunting

(Calamospiza

spp.) fruit.

Discussion

fox diet, while
tontails

)

consumed in the early spring by swift
fox in Oklahoma (Kilgore 1969). Kilgore found
that mammals, other than lagomorphs acthe food

counted for 82% of the fox diet during the
autumn. Insects were also abundant in fox
diets. Generally, from these studies and ours,
it can be concluded that mammals and insects
make up the major proportion of foods eaten
by swift fox. Birds and plant material are less
commonly consumed.

Human

activities

present

threat to the swift fox in South
Swift fox dens

were generally located on or

near the tops of hills on the undulating prairie
in South Dakota, in pastures receiving moderate to heavy use by cattle. Cutter (1958a) reported on 25 dens in Texas, which were located within open sparsely vegetated areas on
sloping plains, hilltops, or other well-drained
areas; 19 of the dens found by Cutter were in
heavily grazed pastures, and the 6 others in
plowed fields and fence rows. In Oklahoma
Kilgore (1969) found approximately 50% of
swift fox dens in plowed fields and the others
in shortgrass pastures. In our study swift fox
dens were found in two habitat types, shortgrass and a midgrass prairie. Thus it has been

shown

periodically

from the den

denning
sites within various habitat types ranging from
plowed fields, and fence rows, to a midgrass
prairie having moderate livestock utilization.
Swift fox were not selecting dens within
specific soil types in this study. Dens were
located in four soil types in western South
Dakota, and Kilgore (1969) also stated that
dens were present on four soil types in Oklahoma. Most swift fox dens in our study were
located near the tops of hills, which provides
that swift fox are able to select

man and Sharps

1978).

the

(Hill-

Swift fox are easily

trapped, shot, or poisoned and

become

greatest

Dakota

many

times

victims of control efforts directed to-

ward rodents and other predators. Predator
and rodent control programs are being conducted which may impact swift fox in South
Dakota. Bait treated with zinc phosphide has
been used in western South Dakota and extensively on the Pine Ridge Indian Reservation for prairie dog control, but its use is reported to present only a minimal hazard to the
swift fox (Schitoskey 1975).

for

Compound

1080,

been released
predator and rodent control, which ma\'

developed

for carnivores, has

result in poisoning of swift fox

when

applica-

within areas of swift fox residence.
Compound 1080, used for prairie dog control,
may have a secondary poisoning effect on the
swift fox, since prairie dogs are a major component of the foxes' diet. To enhance the populations of swift fox, we need an accurate astion

is

sessment

of

the

especially on areas

swift

fox

distribution,

where predator and rodent

programs are being initiated. Our
study shows that swift fox are not restricted to
one habitat type, but several. An understandcontrol

Uresk, SHARPS: Swift Fox

April 1986

ing of swift fox habitat requirements,
food, water, cover,

disturbance,

is

and tolerance

essential

management of the

to

to

i.e.,

human

the successful

swift fox.
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NEW TAXA AND COMBINATIONS IN THE UTAH FLORA
Stanley L. Welsh'

Abstract— New taxa include; Cnjptantha cinerea (Ton.) Cronq. var. arenicola Higgins & Welsh; Physaria
chambersii Rollins var. sobolifera Welsh (Cruciferae); Phacelia demissa Gray var. minor N. D. Atwood (Hydrophyl
laceae); Iris pariensis Welsh (Iridaceae); Astragalus preitssii var. ctitleri Barneby and Pediomelum aromaticum (Payson)
Welsh var. tuhiji Welsh (Leguminosae); Abronia nana Wats. var. harrisii Welsh (Nyctaginaceae); Camissonia atwoodii
Cronq. (Onagraceae); Habenaria zothecina Higgins & Welsh (Orchidaceae); Aqiiilegia formosa Fisch. in DC. var.
Welsh (Ranunculaceae). New nomenclatural combinations include: Rhus aromatica Ait. var. simplicifolia
(Creene) Cronq. (Anacardiaceae); Lomatium kingii (Wats.) Cronq., L. kingii var. alpinum (Wats.) Cronq. (Apiaceae);
Cnjpiantha cinerea (Torr.) Cronq. var. laxa (Macbr.) Higgins; Mertcnsia lanceolata (Pursh) DC. var. nivalis (Wats.)
Higgins (Boraginaceae); Opuntia erinacea Engelm. var. aurea (Baxter) Welsh (Cactaceae); Arenaria fendleri Gray var.
aculeata (Wats.) Welsh, A. fendleri var. eastivoodiae (Rydb.) Welsh, Lychnis apetala L. var. kingii (Wats.) Welsh,
Stellaria longipes Goldie var. monantha (Hulten) Welsh (Caryophyllaceae); Draha densifolia Nutt. ex T. & G. var,
apiculata (C. L. Hitchc.) Welsh, D. oligospcrma Hook. vay. juniperina (Dorn) Welsli, Physaria acutifolia Rydb. var,
stylosa (Rollins) Welsh, Thelypodiopsis sagittata (Nutt.) Schulz var. ovalifolia (R\db.) Welsh (Cruciferae); Lotus
plebeius (T. Brandg.) Barneby, Lupinus polyphyllus Lindl. in Edwards var. ammophilus (Greene) Barneby, L
polyphyllus VSLT humicola {A. Nels.) Barneby, L. argenteus Pursh var fulvomaculatus (Payson) Barneby, L. argenteus
var. palmeri (Wats.) Barneby, Pediomelum aromaticum (Payson) Welsh, P. epipsilum (Barneby) Welsh, Psoralidium
lanceolatum (Pursh) Rydb. var. stenophyllum (Rydb.) Welsh, and P. lanceolatum var. stenostachys (Rydb.) Welsh
(Leguminosae); Mirabilis linearis (Pursh) Hiemerl var. decipiens (Standi.) Welsh (Nyctaginaceae); Camissonia boothii
var. condensata (Munz) Cronq., C. boothii var. villosa (Wats.) Cronq., C. clavaeformis (Torr. & Frem.) Raven var.
purpurascens (Wats.) Cronq., C. scapoidea (T. & G.) var. utahensis (Raven) Welsh, Oenothera caespitosa var.
macroglottis (Rydb.) Cronq., Oe caespitosa var. navajoensis (Wagner, Stockhouse, & Klein) Cronq., Oe. flava (A.
Nels.) Garrett var. acutissima (W. L. Wagner) Welsh, and Oe primiveris Gray var. bufonis (Jones) Cronq. (Onagraceae); Papaver radicatum Rottb. var. pygmaeum (Rydb.) Welsh (Papaveraceae); Dodecatheon pulchellum (Raf.)
Merr. var. zionense (Eastw.) Welsh (Primulaceae); Aquilegia flavescens Wats. var. rubicunda (Tidestr.) Welsh,
Delphinium andersonii Gray var. scaposum (Greene) Welsh, D occidentalis (Wats.) Wats. var. barbeyi (Huth) Welsh,
and Ranunculus andersonii Gray var. juniperinus (Jones) Welsh (Ranunculaceae); Purshia mexicana (D. Don) Welsh
andP. mexicana var. stansburyi (ToTr.)'We\sh (Ro.saceae); Galium mexicanum H.B.K. var. asperrimum (Gray) Higgins
& Welsh (Rubiaceae); Castilleja parvula Rydb. var. revcalii (N. Holmgren) N. D. Atwood and C rhexifolio Rydb. var.
sulphurea (Rydb.) N. D. Atwood (Scrophulariaceae).

fostcri

.

.

.

.

.

.

Nomenclatural changes are a bookkeeping
chore that precedes the publication of most
floras. The following changes of names and
newly proposed ta.xa are published here prior
to the publication of the

that has

been

in

progress for

cita

is

nation.

some 25

Anacardiaceae

years.

are the products of

and nomenclatural combinations. Dr. N. Duane Atwood,
Dr. Larry C. Higgins, Dr. Arthur Cronquist,
and Dr. Rupert C. Barneby have kindly consented to having names and ta.xa currently in
ongoing manuscripts published here so as to
facilitate their use in the Utah Flora, which is
nearing completion. The names are to be
cited under the authorship of the person
providing the combination, and are not to be
the authors of the proposed

and Department

Each

considered as a separate proposal by
the author of the constituent taxon or combition

Utah Flora, a work

The names published here

'Life Science Miis

cited as either "in" or "ex" Welsh.

of Hii

ta.xa

Rhus aromatica

Ait.

var.

simplicifolia

(Greene) Cronq. comb. nov. [based on Rhus
canadensis var. simplicifolia Greene Bull.
Torrey Bot Club 17: 13. 1890 (Greene sn..
at
Peach
Springs,
Arizona,
in
1889,
HDG!,may be presumed to he the holotype)].

Apiaceae

Lomatium
no\

.

[based

Bn«hani VounK I'm-

254

kingii

on:

(Wats.) Cronq. comb.
graveolens

Peucedanum

.
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J,

Wats,

in King,

Rep. Geol. Explor. 40th Paral-

&

Hook. 1867.
Peiwedoniim kingii Wats. Proc. Amer. Acad.
Arts 22: 474. 1887 (Watson 463, Wahsatch and
Uinta Mts.; holotype at US!; isotype at NY. !)].
Lomatium kingii (Wats.) Cronq. var.
alpinum (Wats.) Cronq. comb. nov. [based
on: Peucedanum graveolens var. alpinum
128.

lel 5:

1871; not Benth.

Wats, in King, Rep. Geol. Explor. 40th Parallel 5: 129. 1871. (Watson 464, East Humboldt
Mts., Nev.; isotype at NY!)].

BORAGINACEAE
Cryptantha cinerea (Greene) Cronq. var.
arenicola Higgins

&

Cryptantha cinerea

Welsh

var.

var.

nov.

abortiva et

Ab

al.

in

caule simplici et inflorescentia capitato vel

subcapitato difFert.

Type: USA: Utah. Kane Co. T41S, R5W,
Lone Pine Point, at
1830 m, in Navajo blow-sand, in a pinyon-juniper, ponderosa pine, manzanita, and yucca
community, 6 June 1984, L. C. Higgins, S. L.
Welsh, & K. Thorne 14296 (Holotype BRY; 2
previously
distributed
as
C
isotypes
S26, Johnson Canyon,

Additional representative

specimens:

Utah. Kane County, ca 22 or 23 mi S of Alton,
27 May 1965, A. Cronquist 10191; ibid.. Coral

Pink Sand Dunes, 15 May 1984, N. D. At9636; ibid., 5 May 1966, S. L. Welsh
5299. Washington Co., Pocket Mesa, 8 June
1983, L. C. Higgins and A. H. Barnum 13615
(all BRY).
Much material of this taxon passed previ-

wood

ously under the epithet multicaulis
is

synomymous with

name provided above

,

a

name
The

var. jamesii.

allows recognition of

phase of the species.
Cryptantha cinerea (Greene) Cronq. var.
hixa (Macbr.) Higgins comb. nov. [based on:
Oreocari/a multicaulis var. laxa Macbr.
Contr. Gray Herb. 48: 35. 1916].
Mertensia lanceolata (Pursh) DC. var. nivalis (Wats.) Higgins comb. nov. based on
Mertensia paniculata var. nivalis Wats. Rep.
Geol. Explor. 40th Parallel 5: 239. 1871].
this distinctive

Cactaceae
Opuntia
(Baxter)
tia

Arenaria fendleri
(Wats.)

Welsh

Gray

erinacea

Welsh comb.

aurea Baxter

Calif.

Engelm.

var.

aurea

nov. [based on:

Opun-

Cactus 27, 28, 1933].

var.

aculeata

nov. [based on: Arenaria
aculeata Wats, in King, Rep. U. S. Geol.
Explor. 40th Parallel 5: 40. 1871].
stat.

Arenaria fendleri Gray var. eastwoodiae
(Rydb.) Welsh comb nov. [based on: Arenaria
eastwoodiae Rydb. Bull. Torrey Bot. Club 31:
406. 1904, and the autonym var. eastwoodiae
established by A eastwoodiae var. adenophora Kearnev & Peebles J. Washington
Acad. 29:475. 1939].
Lychnis apetala L. var. kingii (Wats.)
Welsh comb. nov. [based on: Lychnis kingii
Wats. Proc. Amer. Acad. 12: 247. 1877].
Stellaria longipes Goldie var. monantha
(Hulten) Welsh comb nov. [based on: Stellaria monantha Hulten Bot. Notiser 1943:
265. 1943, and the autonym var. monantha
established by Stellaria monantha var. altocaulis Hulten Bot. Notiser 1943: 267. 1943].
.

Cruceferae

Draba

densifolia Nutt. ex T.

apiculata (C. L. Hitchc.)

cinerea).

that

Caryophyllac.'Eae

&

G. var.

Welsh comb. nov.

[based on: Draba apiculata C. L. Hitchc.
Univ. Washington Publ. Biol. 11: 72. 1941,
and the autonym var. apiculata established by
Draba apiculata xar. daviesiae (C. L. Hitchc.
Univ. Washington Publ. Biol. 17 (2): 489.
1964].

Draba oligosperma Hook. var. juniperina
(Dorn) Welsh stat. nov. [based on: Draba
juniperina Dorn Madrono 25: 101. 1978].
Physaria acutifolia Rydb. var. stylosa
(Rollins) Welsh stat. nov. [based on: Physaria
stijlosa Rollins, Contr. Gray Herb. 214: 14.
1984].

Physaria chambersii Rollins var. sobolifera
var.
nov. A Physaria chambersii
Rollins sensu stricto in caudicibus ramifican-

Welsh

tibus evolutis et

foliis

angustioribus et acutis

differt.

Type: USA: Utah. Garfield Co., Escalante
Mtns., head of Sweetwater Creek, above
(east) of Widtsoe, bristlecone pine community
on Wasatch Limestone Formation, 2 Aug.
1981, N. D. Atwood 8164 (Holotype BRY;
Isotype, one distributed previously as P.
chambersii).

Additional specimens:
T34S,

RIW,

Garfield

S22, center of Sl/4, Dixie

Co.,

NF,
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Escalante Mtns., head of Escalante Canyon,
27.5 km 288 degrees from Escalante, 2,898 m,
60 degree slope, S exposure, with scattered
Douglas-fir on raw, white, marl limestone, 20
June 1981, S. Goodrich 15666 (BRY); ibid.,
T35S, R4/2W, S22, Pink Wasatch Formation,
at west end of Red Canyon, road to Bryce

Canyon National

Park, in ponderosa pine-

limber pine community, 8 June 1982,
and Zarnekee 82-70 (BRY).

Mutz

with both
and memhronacea and
the soboliferous condition might be an ecologThis variety

is

partially sympatric

varieties chamhcrsii

,

response to creeping substrates.

ical

The

recognition here calls attention of other workers to these plants and allows for further work.

Thehjpodiopsis sagittata (Nutt.) Schulz var.
Welsh comb. nov. [based
on: Thehjpodium ovalifolium Rvdb. Bull. Torrey Bot. Club 30: 253. 1903],
ovalifolia (Rydb.)

Fleet

Dam,

at

desert shrub community, on clay

1,891 m,

hills, 31
N. D. Atwood 7247 (Holotype
BRY; isotypes 2, distributed previously as
Phacelia demissa Gray).
Additional
representative
specimens:
Utah. Uintah Co., Uinta Basin, Utah Highwav
121, 10.6 km east of Lapoint, T5S, R20E, S4,
1,675 m, abundant on gravellv hills, 25 Mav
1978, N. H. Holmgren, P. K. Holmgren, and R.
C. Barneby 8758 (BRY); ibid.. Orchard Creek,
Dinosaur National Monument, Mancos Shale,
Clav soil, Atriple.x-Sarcobatus association, ca
1,455 m, 8 May 1955, S. L. Welsh 159 (BRY).

in a

May

1979,

I ride

sp. nov.

Planta simiUs

missoiiriensis sensu latissimo sed in

foliis

mm

(2.5-5
nee 3-12 mm)
bracteis suboppositis et angustioribus (2-3
nee 6-12 mm) et rhizomatibus gracilangustioribus

mm

10-20 mm) differt.
Rhizomes less than 10 mm thick, clothed
with shredded fibrous leaf bases; leaves several to many on both fertile stems and innovations, 2-5 mm wide, (4) 7-24 cm long, stramineous to brownish or purplish basally; flower
stem 4 cm tall, with several sheathing leaves
ioribus (5-10 nee

free almost throughout; flower

spathaceous
wide, 5-6
cm long, parallel, subopposite, herbaceous;
ovary ca 12
long; perianth apparently
white, the tube 15
long; sepals ca 6 cm
long and 1 cm wide; petals narrowly oblanceolate, ca 6 cm long and 8
wide; style
branches ca 2.8 cm long, the crests ca 7
long; anthers ca 13
long; capsule unbracts linear-attenuate,

1;

mm

2-3

mm

mm

mm

mm

Material oiPhacelia demissa Gray from the
Uinta Basin differs subtly in several ways from
that elsewhere in Utah. The plants are finely
but not densely glandular-puberulent throughout, not densely glandular- villous to glandular puberulent; the corolla tube is bright yellow, not pale yellow; the sepals are fully twice
as long as the capsule, not less than twice as
long; the seeds are 4-12, not 10-16; and the
plants average smaller. They are here designated as follows;
Phacelia demissa Gray var. minor N. D.
Atwood var. nov. Similis var. demissae in
forma sed in pubescentibus, corollae tubis
flavis, sepalis longioribus, seminibus paucioribus et minoribus differt.
Type: USA: Utah. Uintah Co., T3S, R23E,

km E of Red

Iridaceae

Welsh

Iris pariensis

mm

Hydrophyllaceae

84, ca 1.6

Vol. 46, No. 2

known.
Type: USA: Utah, Kane Co., T43S, RIE,
East Clark Bench, south of US Highway 89,

sandy

found

soil,

in a

semidesert grass shrub
1976, Vane O.

communitv at 1,403 m, Mav
Campbell 42 (Holotype BRY).

This distinctive narrow-leaved Iris species
is

compared

sis,

but

its

to /

.

missoiiriensis in the diagno-

relationships apparently

lie

with

those far to the west in the coastal states. More
material will provide both a better description

and

a better possibility of determining proba-

ble relationships.

Leguminosae
Astragalus

Barneby,

preussii

var. nov.,

Gray

cum

var.

cutleri

var. preussii legu-

mine stipitato congruens sed ab ea statura
pumila (caulibus 2-11 nee 10-40 cm altis) e
radice anmra ortis, foliolis paucis majusculis
5-11

et

12-20

.X

7-12

mm

usque, petalisque

albidis pallide coerulescentibus (nee praeter
alas saturate purpureis) diversa.

Type: U.S.A. Utah. San Juan Co.:

Copper Canvon,

common

mi from
mouth, 18 June 1938, Hugh C. Cutler 2283
(Holotype NY; isotypes, CAS, WIS); ibid.,
bench between Copper Canvon and No Man's
Mesa, 22 Mav 1985, N. D. Atwood 11073
gravel outwash.

(Paratypes BRY, NY).

1

WELSH:

April 1986

In

New PlantTax.\ AND Combinations

my monograph (Mem. New

York Bot.

Card. 13: 576. 1964) the type of var. cutleri
was noticed as unusual in the species as represented in Utah Canyonlands for few and large
leaflets but was passed over as a set of
seedlings showing only juvenile foliage. The
rediscovery by Duane Atwood of the same
plant, found in a uniform population of small
monocarpic individuals such as are never seen
elsewhere in the range of var. preiissi, show
that I misjudged the significance of the differences. Moreover, the flowers were described
by Cutler as varying from white to pale blue
and by Atwood as white when fresh, acquiring
a bluish keel-tip when dried. In southeastern

Utah the petals of

var.

preiissii are consis-

tently vivid purple except for pallid wingtips.

same region the leaflets of the longer
more numerous (17-23) and
smaller (6-15 x 3-6 mm) than those of var.
In the

leaves are at once
cutleri.

Leaves of allopatric

var.

laxiflorus

Gray may be similar to those of var. cutleri in
size and number, but its pod is sessile, its
stems taller, and its range of dispersal different.

Lotus plebeius

(T.

Brandg.) Barneby [based

on: Hosackia plebeia T.

Acad.

Sci.

II,

2:

Brandg., Proc. Calif

144. 1889

(Brandegee

s.n.

30

Apr 1889, "El Rancho Viejo" [near Calmalli,
Baja California Norte, +/- 28° 15' N]].

Lupinus polyphyllus Lindl. in Edwards
var. ammophihis (Greene) Barneby stat. nov.
[based on: Lupinus ammophihis Greene Pittonia4: 136. 1900].
in Edwards
Barneby comb. nov.

[based on: Lupinus humicola A. Nels. Bull.
Torrey Bot. Club 25: 204. 1898].
Lupinus argenteus Pursh var. fulvomacu-

/a<us(Payson) Barneby comb. nov. [based on:
Lupinus fulvomaculatus Pavson Bot. Gaz.
(Crawfordsville) 60: 376. 1915].

Lupinus argenteus Pursh var. pahneri
(Wats.) Barneby stdt. nov. [based on: Lupinus
pahneri Wats. Proc. Amer. Acad. Arts 8: 530.
1873].

Pediomelum aromaticum (Payson) Welsh
comb. nov. [based on: Psoralea aromatica
Payson Bot. Gaz. 60: 379. 1915, type from
Bedrock Colorado, 17 June 1914, E. Payson
451 RM!].

Pediomelum aromaticum (Payson) Welsh
Welsh var. nov. Ab Pediomelum

var. tuhyi

aromaticum sensu

stricto in floribus minoribus (6-7.3
nee 10-13 mm), calyce et
dentibus minoribus (3.5-5.3 nee 10-11
et 1.6-2.9
nee 5-7
respecte), et

mm

mm

mm

mm

caulibus decumbentibus differt.

Type: USA: Utah, San Juan Co., Rone BaiMesa, ca 17 km
of La Sal, T30S, R23E,
S19, at 1,900 m, pinyon-juniper community,
on mesa summit red siltstone of the Entrada
Formation, 4 June 1985, S. L. Welsh & E.
Neese 23500 (Holotype BRY, 4 isotypes to be

W

ley

distributed).

Additional SPECIMENS: Utah, San Juan Co.,
T31S, R21E, S6, South Sixshooter Peak platform, Davis Canyon, at 1,708 m, on Moenkopi
Formation in a shadscale community, 11 May
1982, S. L. Welsh, B. T. Welsh, and M. Chatterley 21092; ibid.. Rone Bailey Mesa, 1 July 1984,
J. S.

S. L.

Tuhy 1580; ibid., 4 June 1985, E. Neese
Welsh 16990; ibid., 19 June 1985, L. C.

E. Higgins 15812

(all

&
&

BRY).

This phase of P. aromaticum is remote from
the known populations near Bedrock, Colorado (the type locality), and in the Fisher Towers area vicinity east of Moab. The plants dif-

ways besides those cited in the
viewed from afar they appear grasslike in patches between sparse junipers on a rimrock situation atop Rone Bailey
fer in subtle

diagnosis.

When

Mesa. The plants tend to sprawl, rather than
stand erect as in the typical variety. The extensive rhizome system is similar, however,
to the typical material.

The

variety

is

named

honor of its discoverer atop Rone Bailey
Mesa, Mr. Joel Tuhy.
Pediomelum epipsilum (Barneby) Welsh
comb. nov. [based on: Psoralea epipsila
Barneby Leaf!. W. Bot. 3: 193. 1943, type
from 17 mi E of Kanab toward Jepson Spring,
6 June 1942, Ripley & Barneby 4832 CAS!].
Pediomelum pariense (Welsh & Atwood)
Welsh comb. nov. [based on: Psoralea pariensis Welsh & Atwood Great Basin Nat. 35: 353.
1975, tvpe from Brvce Canvon, 26 June 1975,
S. L. Welsh & J. R.' Murdock 12859 BRY!].
Psoralidium lanceolatum (Pursh) Rydb.
var. stenophyllum (Rydb.) Welsh comb. nov.
[based on: Psoralea stenophylla Rydb. Bull.
Torrey Club 40: 46. 1913].
Psoralidium lanceolatum (Pursh) Rydb.
var. stenostachys (Rydb.) Welsh comb. nov.
[based on: Psoralea stenostachys Rydb. Bull.
Torrey Club 40: 46. 1913].
in

Lupinus polyphyllus Lindl.
var. humicola (A. Nels.)
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Type: USA: Utah. Kane Co., Smoky Creek
Dugway, ca 17 mi NE of Clen Canyon City,

Nyctaginaceae
Most specimens oiAhronia nana Wats, are
acaulescent and have best developed

Straight Cliffs Formation, 28 August 1973, N.

strictly

D.

leaves mainly less than twice as long as broad.
These represent var. nana However, in the

BRY!).

.

San Rafael Swell, Emery County, Utah, there
occur caulescent plants with main leaves 2-4
times longer than broad. These are

named

as

follows:

Abronia nana Wats. var. harrisii Welsh
Similis Abroniae nanae Wats var.
nanae in anthocarpis floribus et bracteis sed in

var. nov.

caulibus et

longioribus differt.

foliis

Type: USA: Utah. EmervCo., T20S,
S22, San Rafael Swell, ca 1

RUE,

mi S of San Rafael

River campground, 1,586 m elev., Eriogonum- Astragalus-Hilaria community, 9

June 1979, J. Harris 364 (Holotype BRY;' Isotypes, two distributed previously as A ellip.

tica A. Nels.).

Additional specimens: Utah. Emery Co,
T19S, RIOE, S35, San Rafael Swell, on road to
Wedge Overlook, ca 4 mi S of Buckhorn Flat
crossroads, pinyon-juniper communitv, 13
June 1979, K. Despain 517 (BRY); do, T20S,
RUE, S22, San Rafoel Swell, Bottleneck Peak
area, off the west side of Cottonwood Draw
road, ca 2 mi S of Bridge Campground, 14
June 1979, K. Despain 564 (BRY). The plant is
named after Dr. James Harris, student of the
San Rafael Swell flora.
Mirabilis linearis (Pursh)
cipiens (Standi.)

Welsh

Heimer

var. de-

nov. [based on:

stat

AlUonia decipiens Standi. N. Amer.

Fl. 21:

223. 1918].

Camissonia atwoodii Cronq. sp. nov. Species sectionis Chylismae; herba annua, glandulosa-puberula, rotusta, usque ad 15 dm
caule excurrenter ramosa,

foliis

leviter

basin versus dispositis, laminis subrotundis,
irregulariter denticulatis,

4-6

x

2.5-5 cm;

in-

florescentia terminalis, laxe ramosa, floribus
pedicellatis,

longis

tus

12-25

cellis

mm

purpureis 7-14
versus axem dispositis, sta4, inaequalibus, declinatis; fruclongi, divaricato-deflexi, pedipetalis

leviter

minibus 4 +

mm

divaricato-deflexis

seminibus 1.5-8
biseriatis.

3—5

mm longis,

Atwood 5957 (holotvpe NY!;

isotype

Robust, taprooted annual to 15 dm tall,
with a single erect, excurrently branched
stem; leaves scattered along the stem but
somewhat basally disposed, at least some of
the cauline ones evidently petiolate, with
broadly ovate to ovate-oblong or elliptic,
l)asally rounded to truncate or subcordate,
irregularly denticulate blade 4-6 x 2.5-5 cm;
herbage glandular-puberulent; flowers axillary to small bracts on the lateral branches and
toward end of the main stem, in bud crowded,
erect, and nearly sessile, but becoming more
widely spaced and evidently pedicellate at
anthesis, fairly showy and adapted to cross
long
pollination; petals purple, 7-14
somewhat asymmetrically (adaxially) dis
posed; stamens 4 + 4, unequal, declined; an
thers ca 1.5-2
long; fruits 12-25
long, spreading-deflexed, on spreading-deflexed pedicels 3-5
long; seeds biseriate
in each locule, plumply obovate from a substipitate base, 1.5-1.8
long, very finely

mm

mm

mm

mm

mm

cellular-reticulate.
is known only by several colby Duane Atwood from the type locality on open slopes on the southwest side of
the Kaiparowits Plateau, ca 27 km by road
northeast of Glen Canyon City, Kane Co.,
Utah. Flowering is from August to October.
var.
condensata
Camissonia
boothii
(Munz) Cronq. comb. nov. [based on:
Oenothera decorticans yar. condensata Munz

This species

lections

Bot. Gaz. 85:247. 1928].

Onagraceae

alta,

Vol. 46, No. 2

mm

longis,

in (^uociue loculo

Camissonia boothii var.
Cronq. comb. nov. [based

villosa

(Wats.)

Oenothera
ahjssoides var. villosa Wats., Proc. Amer. Acad.
Arts 8: 591. 1873; not Oe villosa Thunb. 1794;
typification will be discussed in the forthcoming
on:

.

treatment

in the

Intermountain Flora.].

Camissonia clavaeformis (Torr. & Frem.)
Raven var. purpurascens (Wats.) Cronq. comb,
nov. [based on: Oenothera scapoidea var. piirpurascens Wats. Proc. Amer. Acad. 8: 595.
1973],
(T. & G) Raven var.
Welsh comb. nov. [based on:
scapoidea ssp. utahensis Raven

Camissonia scapoidea
utahensis (Raven)

Oenothera

Univ. California Publ. Bot. 34: 96. 1962].

.
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Nutt.

caespitosa

macrog/offis (Rydb.) Cronq.
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stat.

var.

nov. [based

mainly along the margin of the detrital slope
adjacent to the back wall of the alcoves. Addi-

work

on: Pachi/lophus macro^lottis Rydb. Bull.
Torrey Bot. Club 30: 259. 1903].
Oenothera caespitosa Nutt. var. navajoensis (Wagner, Stockhouse, & Klein) Cronq.
stat. nov. [based on: Oenothera caespitosa
navajoensis Wagner, Stockhouse, &
ssp.
Klein Monogr. Syst. Bot. Missouri Bot Card.

(Rydb.) Welsh

In press 1985].

pi/gmacum Rvdb.

Oenothera flava (A. Nels.) Garrett var.
acutissima (W. L. Wagner) Welsh comb. nov.

159. 1902].

[based on:
Syst.

Oe

.

acutissima

Bot. 6: 153.

W.

L.

tional

is

Papa VE RACE AE

Papaver radicatum Rottb.

W.

Bot. 8: 28. 1898].

in calcari

ptjgmaeum

Torrev Bot Club 29:

Dodecatheon pidcheUum
zionense (Eastw.) Welsh

(Raf.)

stat.

Dodecatheon zionense Eastw.
2: 37.

Merr. var.

nov. [based on:
Leafl.

W.

Bot.

1937, type from Zion Canyon].

Ranunculaceae

&

Welsh

sp.

nov. Planta Habenaria sparsiflora affinis et

sed

Bull.

var.

[based on: Papaver

Primulaceae

Orciiidaceae

Habenaria zothecina Higgins

stat nov.

Wagner

Gorge vicinity, Daggett County, Utah].
Oenothera primiveris Gray var. bufonis
(Jones) Cronq. comb. nov. [based on: Oe

similis

necessary to determine the total

distribution.

1981, type from Flaming

bufonis Jones, Contr.
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labium 1.5 longiore

et

Aquilegia flavescens Wats. var. rubicunda
Welsh stat. nov. [based on: Aquilegia rubicunda Tidestr. Amer. Midi. Nat. 1:
(Tidestr.)

floribus paucioribus diftert.

168. 1910].

Type: USA: Utah. Grand Co., ca 1.6 km N
of Moab, T25S, R21E, S25, at ca 1,281 m, in a
hanging garden communitv, 10 |ulv 1985, S.
L. Welsh & L. C. Higgins 23629 (Holotype
BRY; 4 isotypes to be distributed.
Additional collections: Utah. Grand
Co., Arches National Monument, 28 Sept.
1963, S. L. Welsh & G. Moore 2735; ibid.,
Negro Bill Canyon vicinity, 3 August 1984, B.
Franklin 1108. San Juan Co., Natural Bridges
National Monument, 13 August 1963, S. L.
Welsh & G. Moore 2410; ibid., 15 August
1963, S. L. Welsh & G. Moore 2503; ibid..
The Neck vicinitv, 31 Oct. 1964, S. L. Welsh
&G. Moore 3840 (all BRY).
This peculiar, few-flowered bog orchid with
its very long spurs has been known for many
years. It has always been placed previously
within an expanded version off/, sparsiflora
but differs as outlined in the diagnosis and in
other salient features. The leaves are broadly
rounded initially, becoming obtuse and finally
acute upward. The orchid grows in the vegetative assemblages known as hanging gardens
along the canyons of the Colorado River in
southeastern Utah. They occur there with
maidenhair fern, sheathed death camus, and
other shade-tolerant mesophytes. They occur

A peculiar specimen oi Aquilegia taken by
Dr. Robert Foster from Zion Canyon in 1977
requires description. It has the habit and
A fl)nnosa but is glandular
throughout and both petal spur and blade are

flower color of

.

longer than in that taxon. A search of the
herbarium at Zion National Park yielded two
specimens of the same taxon taken many years
ago by Dr. Angus Woodbury. Initial efforts to
relocate the area of collection of the type have

There are many areas to be
however, and the Hidden
Canyon locality of the Woodbury specimens
has not been searched recently. Possibly the
specimens result from introgression between
A. fl)rmosa and A. chnjsantha Gray, both
abundant in the canyon. The longer spurs and
petal blades suggest such a possibility, but

been

fruitless.

investigated,

neither of the potential parents are glandular

below the inflorescence. The plant is named
after Dr. Robert Foster, enthusiastic collector
and plant geographer.
Aquilegia formosa Fisch. in DC. var. /osteri Welsh var. nov. A var. formosa in petali
laminis et calcari longioribus et herba glandulosis diversa.

Type: USA: Utah. Washington Co., T41S,
S21,
of Tunnel, 1,373 m, N slope of

RlOW,

W
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Bridge Mt., mountain brush community, on
Wingate detritis, 25 May 1977, R. & R. Foster
3939 (Holotype BRY).
Additional specimens; Utah. Washington
Co., Zion National Park, Hidden Canyon, in
1924, A. Woodbury
specimens).

s.n.

(ZNP herbarium, 2

Delphinium andersonii Gray var. scapo-

sum (Greene) Welsh stat.

6:

156.

1881].

Delphinium occidentalis (Wats. Wats. var.
)

harbeyi (Huth) Welsh comb. nov. [based on:
Delphinium exaltatum var. harbeyi Huth He-

Purshia mexicana (D. Don) Welsh comb,
nov. [based on: Cowania mexicana D. Don
Trans. Linnaean Soc. 14:575. 1825].
Purshia mexicana (D. Don) Welsh var.
stansburyi (Torr.) Welsh stat. nov. [based on:
Cowania stansburiana Torr. in Stansbury
Expl. Surv. Utah 386. 1852].

RUBIACEAE

Galium mexicanum H.B.K. var. asperrimum (Gray) Higgins & Welsh stat. nov.
[based on: Galium asperrimum Gray Mem.
Amer. Acad. Arts II. 4: 60. 1849].

1892].

Ranunculus andersonii Gray var. juniperinus (Jones) Welsh stat. nov. [based on: Ranunculus juniperinus Jones Proc.
II. 5:

ROSACEAE

nov. [based on: Del-

phinium scaposwn Greene Bot. Gaz.

lios 10: 35.
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Calif.

Acad.

616. 1895].

Ranunculus acris L. var. aestivalis (L. Benson) Welsh comb, nov. [based on: Ranunculus
acriformis var. aestivalis L. Benson Amer
Midi. Naturalist 40: 43. 1948], type from 8.3
mi N of Panguitch].

SCROPHULARIACEAE
Castilleja parvula Rydb. var. revealii (N.
Holmgren) N. D. Atwood stat. nov. [based
on: Castilleja revealii N. Holmgren Bull. Torrey Bot. Club 100: 87. 1973].
Castilleja rhexifolia Rydb. var. sulphurea
(Rydb.) N. D. Atwood stat. nov. Based on:
Castilleja sulphurea Rydb. Mem. New York
Bot. Card. 1:359. 1900].

i

NEWTAXA IN MISCELLANEOUS FAMILIES FROM UTAH
Stanley L. Welsh'

—

Named are the following: Astragalus limnocharis Barneby var. tahtdaeus Welsh var. nov., from the
between Boulder Mountain and the Table Cliff Plateau, Garfield County, Utah; A. eremitictis Sheldon var.
ampularioides Welsh var. nov. from Washington County, Utah; Lupinus argenteus Pursh var. moahensis Welsh var.
nov., from southeastern Utah, validated by inclusion of a Latin diagnosis; Erigeron zothecintis Welsh sp. nov.
described from moist alcoves along Lake Powell, eastern Kane County, Utah; Cleomella palmerana Jones var.
goodrichii Welsh var. nov. described from Uintah County, Utah; Arahis vivariensis Welsh sp. nov. named from
northeastern Uintah County, Utah; Draba kassii Welsh sp. nov. described from material taken in the Deep Creek
Abstract.

pass

Mountains, western Tooele County, Utah.

A curious,

community, on the White Limestone Member
of the Wasatch Formation, on a 60%-70% southfacing slope, 20 June 1981, S. L. Welsh 20666
(Holotype BRY; 2 isotypes distributed previ-

small-flowered Astragalus was dis-

covered by Sherel Goodrich and me immediately north of the pass between Boulder Mountain

and Table

material was

ClifF Plateau

first

similar A. montii

20 June 1981. The

ously as A. montii).

taken to be an extension of the

Welsh from much

farther north

on the Wasatch Plateau, primarily on the basis of

However, the wing tips
and the flowers average smaller
than in that taxon. Placement with the geographically nearer and morphologically more similar
A. limnocharis Barneby became evident with
additional study. The flower size, shape of
petals, and pod size and conformation fit well
the pink-purple flowers.

are not white,

within

the

range

for

The

limnocharis.

A.

and pink-purple
flowers are notably different, however. The
strongly

habit

soboliferous

soboliferous habit

is

an adaptation that allows

Additional SPECIMENS: Utah. Garfield Co.,
same approximate locality and date as the holotype, S. L. Welsh 20667, 20667a, and S.
Goodrich 15662, 15669 (all BRY).
Growing on the Chinle Formation west of the
Gunlock intersection at Shem, Washington
County, Utah, is a second more or less distinctive phase of Astragalus eremiticus Sheldon.
The plants simulate A. ampullarius in having
subterranean caudices and short, broad, longstipitate pods. The pods are smaller than in A.
ampullarius, but the stems recline as in that
species. The elongate many-flowered racemes
are similar to those of typical A. eremiticus,

occupation of the steep slopes where the plants

which occurs elsewhere

grow, a habitat not usually occupied by A. lim-

flowers are

nocharis proper.

The presence

of sobols might

represent merely an ecological response to the

imens.

The

plants from adjacent to the Table

named

lax in fruit (up to 25 cm), and the pods are
tumid and truncate to obtuse basally and 8-15
(18) mm long and 6-12 mm wide. Pods of some
plants from elsewhere in Washington County
are tumid but not as abruptly broadened or as
broad as in the Shivwits plants. And, when the
pods are tumid, the other features are as in typi-

Cliff^

as follows:

Astragalus limnocharis Barneby var. tabuWelsh var. nov. Planta persimilis Astra-

The

habitat consists of barren

laeus

cal E. eremiticus.

galo liinnochari Barneby in floribus et fructus

silty clays

sed in caudicibus soboliferis et floribus pur-

supporting A. ampullarius in

pureis

ties.

differt.

Type: USA: Utah. Garfield Co., T34S,

SE/SW

S22, ca 2,930

'Life Science

m

in a

RIW,

of the Chinle Formation, a stratum

Because of the

ius, this distinctive

Pinus longaeva

Museum and Department of Botany and Range

county, but the

very

creeping mantle on the slopes, but it is readily
apparent both in the field and in herbarium spec-

Plateau are

in the

more numerous (up to 45), the peduncles more elongate (up to 21 cm), the raceme

phase

lows:

Science. Brigham

261

Young

all its

known

similarities to A.

University, Provo, Utah 84602.

is

locali-

ampullar-

designated as

fol-
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Astragalus eremiticus Sheldon var. amWelsh var. nov. Planta similis A.
eremitico var. eremitico in racemis et floribus
sed in leguminibus brevioribus et latioribus et
caudicibus subterraneis difFert, et similis A.
ampuUorio in leguminibus formis et caudicibus subterraneis sed in racemis elongatis
pullarioides

et floribus plus

numerosis

et coloris flavis dif-

fert.

tam 5620;

Vol. 46, No. 2

ibid.,

T25S, R24E, S29, Castle Val-

S. L. & E. R. Welsh 21154;
R23E, S26, Professor Valley
Ranch, S. L. Welsh & K. Tavlor (Mastin)'
14631; ibid., T25S, R23E, S9, ca 1 km east of
Castle Rock, 28 Apr. 1984, S. L. Welsh & D.
Trotter 22719. EmervCo., T22S, R8E, S6, ca
15 km E of Emerv, 13 May 1981, S. L. Welsh
20462; ibid., T24S, R9E, S18, San Rafael

lev, 18

Mav

ibid.,

T24S,

Swell, 22

1982,

I

May

Type: USA: Utah. Washington Co., T41S,
of Highwav 91 at Shivwits, 1050 m
elev., 21 Apr. 1982, S. L. Welsh and N. D.
Atwood 21049 (Holotype BRY; an isotype distributed previously as A. eremiticus Sheld.).

Rock Springs Bench, NE of Cathedral Valley
Jet., 10 June 1973, H. K. Harrison 1026. San
|uan Co., Road to Upheaval Dome, Island in

Additional SPECIMENS: Utah. Washington
Co., ibid., 4 May 1976, N. D. Atwood 6586
(BRY); ibid., 9 June 1983, L. C. Higgins and

Moore 392

R17W, N

Atwood 13683 (BRY);
Welsh 23456 (BRY).
The plants are evidently

N. D.

ibid.,

Mav

1985,

S. L.

stock,

and

eaten.

in

live-

most years the inflorescences are

The extent

of the population

un-

is

known.

The presumption was made by Welsh
name proposed by Dunn

(1978, p. 326) that a

and Harmon for the large flowered phase of
Lupinus argenteus in southeastern Utah had
been or was about to be effectively and validly
published. That name, it turns out, was never
published by Dunn and Harmon and was ef-

nomen
nudum by Welsh. To correct that imperfection the name is here published with a Latin

fectively but not validly published as a

diagnosis:

Lupinus argenteus var. moabensis Welsh
argenteus var. iuoabensis Welsh,
nom. nud. L. argenteus ssp. moabensis Dunn
& Harmon ex Welsh, nom. nud.]. A var. argenteo caeterius persimili floribus maximus,
var. nov. [L.
;

alis

12-14 (nee 8-12)

mm longis differt.

Type: USA: Utah. Grand Co.: Professor
Valley Ranch, T24S, R23E, S27, 1,342 m
elev., sandy soil, 28 April 1977, S. L. Welsh
and K. Taylor (Mastin) 14632 (Holotype BRY;
Isotype NY, and 8 others distributed previously).

Additional SPECIMENS: Utah. Grand Co.,

5

km W of Deadhorse

P.

Cottam 12107;

Point, 26

ibid.,

2

km

May

S of

1950,

W.

Landscape

Arch, 19 May 1949, B. F. Harrison 11414;
ibid., 3 June 1963, S. L. Welsh & G. Moore
2028; ibid. Between Moaii and Castleton on
the Colorado River, 13

May

1933,

W.

P.

Cot-

J.

G. Harris 731;

ibid.,

the Sky, 9 July 1964, G. Moore 200, 213;
ibid.. Island in the Skv, 16 May 1965, G.

This

(all

BRY).

the early flowering, large flowered
phase of L. argenteus that occurs at low elevations,

by

relished

1980,

warm

is

mainly along sandy washes in mixed and
desert shrub communities.

During a study of hanging gardens in the
Glen Canyon National Recreation Area, a curious daisy was discovered in a moist alcove
near the confluence of Glen Canyon and Escalante Canyon. The seepy alcove faces to the
south and extends along a horizontal bedding
plane for several hundred feet, forming a series of minor alcoves. Traditional hanging garden plants, such as Primula spccuicola are
present in the garden community. The daisy
occurred within the hanging garden assem,

blage mainly

where some

at

the base of the face wall,

accumulated. Only a
few species of the enormous genus Erigeron
occur in this habitat in Utah. This one seems
to be specialized for growth in the moist, evidetritis has

dently saline substrate that is constantly renewed by addition of sand from the alcove
face. It is similar in size of flower heads and
general aspect with Erigeron abajoensis
Cronq. a species of montane sites in southern
Utah. The alcove dais\' differs from its montane counterpart in having linear to narrowly
oblanceolate basal and cauline leaves, fewer
pappus bristles, and glands in addition to
strigose to spreading stiff hairs on the involucral bracts. The species is named and described as follows.
,

Erigeron zothecinus Welsh sp. nov. Planta
Erigeronte abajoensi Cronq. in capitulis et bracteis sed in foliis angustioribus,
similis

pappo paucioribus,
fert.

et bracteis glandulosis dif-

WELSH:

April 1986

New Utah Plant Tax.\

Type: USA: Utah. KaneCo., T40S, R91/2E,
GCNRA, Lake Powell, N Escalante

S36,

hanging gardens, ca 1,140 m elev., Navajo
Sandstone, 29 May 1983, S. L. Welsh 22115
(Holotype BRY; 5 isotypes to be distributed).

j

'

Additional SPECIMENS: Utah. Kane Co.,
same locations as the type, 29 May 1983, S. L.
Welsh 22128; ibid, 24 May 1984, S. L. Welsh
22860, both BRY.
In 1979 Sherel Goodrich discovered a population o{ ClcoineUa palmerana Jones north of
Split Mountain in Uintah County, Utah. The
material was routinely assigned to the species
as it was understood in eastern Utah. However, the habit of growth and fruit characters
differ from the body of the species. The
raceme stands above the foliage, and the fruit

263

now

at hand for comparison. The simiA. microphylla is superficial indeed,
but it is very much like the material of the type
variety of A. fernaldiana. The specimens
from Rainbow Park and Jones Hole differ from
the Nevada material of the type variety in
having smaller flowers and from the species in
having narrower siliques and shorter styles.
rial is

larity to

The plants in question are separated from A.
fernaldiana geographically by the width of
Utah. They are named as follows:
Arabis vivariensis Welsh sp. nov. Planta
Arabe fernaldiana Rollins sensu
lato, differt in stylis brevioribus (0.5 nee 1
persimilis

mm),

floribus parvioribus

losam (Wats.)
tioribus (1-1.5

Rollins],

[prater var.

et

siliquis

sty-

angus-

nee 1.5-2 mm).

mm

Plants perennial, forming mats or carpets to

wide as in the material from
south of the Uinta Basin. Because of these
differences the plants are here designated as

1
wide or more, the caudex branches bearing marcescent leaf bases, the branches of
several seasons evident back from the branch

is

distinctly horned, resulting in fruit 8-9

wide, not 3-5

mm

follows:

Cleomella palmerana Jones var. goodnchii
Welsh var. nov. Ab. Cleomella palmerana
var. palmera7ia in fructu latioribus et cornuto
differt,
et similis Cleomella plocaspenna
Wats, in fructu ambitu sed in foliis latioribus

m

ends, horizontally spreading to decumbent,
and bearing flowering stems of
the season or terminating in leafy rosettes, the
flowering stems mainly 8-32 cm tall, puberufinally erect

with minute dendritic trichomes or
glabrous above; basal leaves and those of the
innovations 0.7-3 cm long, 1.2-4
wide,
lent

mm

differt.

Type: USA: Uintah Co., T3S, R24E, S25,
Rainbow Draw, 1,647 m elev, Morrison Formation, eroded slopes of heavy raw, vertisollike clay, soil violently effiervescent with 10%
HCI, with Machaeranthera venusta, Phacelia
demissa, Astra^ialus flatus and Atriplex cor-

oblanceolate to

elliptic,

slender

long,

pubescent
hairs,

the blade tapering to a

petiole,

overall

with

green

minute

acute; cauline leaves 3-13

to

gray,

dendritic

mm

long,

mm wide,

rumta, 26 May 1979, S. Goodrich 12312
(Holotype BRY; isotypes distributed previ-

oblong to lanceolate or lancesubulate, puberulent to glabrous, much reduced upward; pedicels ascending to erect,
5-15
long in fruit, glabrous or minutely

ously).

puberulent; sepals 2.5-4.5

,

On

8

May

1955,

1

collected a peculiar Ara-

specimen in Little Rainbow Park, Uintah
County, while doing field work for my first
attempt at ecological and, as it turned out,
taxonomic studies. The plant was sent to a
specialist in the genus for determination prior
to completion of the project in 1957. It was
his

identified initially as A. microplujlla Nutt. ex

&

G. Subsequently, in 1976, the plant was
sent again to the specialist, and this time it was

T.

determined

as A.

microphylla with some fea,

tures of A. fernaldiami Rollins. In

May

1979,

were discovered in
Jones Hole, east of the initial find. The plants
have been compared to both A. microphylla
and A. feriialdiana of which abundant mateplants of a similar nature

,

1-2.5

mm

mm long, the outer

pair gilibous at the base, the inner ones less

commonly

so,

purplish, glabrous to puberu-

lent; petals 7-9

mm

long, tapering to a basal
claw, purplish; siliques 3-7 cm long, 1-1.5

mm

wide, glabrous, nerved at the base, erect-ascending, typically curved or contorted, the
style to 0.5
long; seeds uniseriate, ca 1.2
long, narrowly winged apically.

mm

mm

Type: USA: Utah. Uintah Co., T3S, R25E,
Jones Hole, National Fish Hatchery,
1,830 m, sandy calcareous gravel, Morgan
Formation, 16 May 1979, S. L. Welsh & E. C.
Neese 18341 (Holotype BRY; 10 isotypes to be
SI,

distributed).

Additional specimens: Utah.
Uintah
Little Rainbow Park, Dinosaur Na-

County,

Great Basin Naturalist
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Monument, Navajo Sandstone, sandy
juniper association, at 1,525 m, 8 May
1855, S. L. Welsh 152; same locality as the

tional
soil,

8978; ibid.,
(all

&

Welsh
24 May 1982, N. D. Atwood 8822

type, 20 June 1980, E.

Neese

S. L.

tensive field search of other canyons did not
yield evidence of other specimens of the spe-

separated from other scapose
and subscapose perennial drabas by its slencies. It is easily

petiolate

leaves,

definite

caudices

clothed with persistent, filiform leaf bases,
and long persistent scapes. The species does
not appear to have close allies among our nu-

but does share certain morphowith D. aspreUa The strongly
branched caudex, with persistent, marcescent leaf bases and narrowly oblanceolate to
spatulate leaves is diagnostic from D. aspreUa The species is named in honor of its

merous

mm

cm long, 2-6
wide, narrowly oblanceolate to spatulate, entire or ob-

cauline, 1.8-4.8

scurely and sparingly denticulate, green, the
surfaces glabrous, sparingly ciliate with simple or forked hairs; racemes simple, 2- to 9-

flowered, elongating in

BRY).

During the spring of 1981, a new Draba was
discovered by Ronald J. Kass, growing in
crevices of granite cliffs in Goshute Canyon,
Deep Creek Mountains, Tooele County,
Utah. The plants appear to be shade requiring
mesophytes of north-facing outcrops. An ex-

derly

Vol. 46, No. 2

taxa,

logical features

.

.

discoverer, as follows:

Draba kassii Welsh sp. nov. Planta similis
Draba aspreUa generalis sed in caudicibus

fruit;

pedicels 2-10

mm long, ascending, glabrous; sepals 1.52.4 mm long, greenish, sparingly hairy, with
simple or forked hairs; petals 4.6-5.9 mm
(15)

long, yellow, obovate-spatulate, rounded;

mm

sil-

mm

3-10 (14)
long, 0.8-2.5
wide,
elliptic to oblong, glabrous; styles 1-2
long; seeds 2-14.
Type: USA: Utah, Tooele Co., TIOS,
R18W, SWl/4 S36, Deep Creek Mtns.,
icles

mm

Goshute Canyon, granite cliff, where soil accumulates in cracks, at 2,135 m elev., on
north exposure, with Juniperus osteosperma,
Finns monophylla, Lomatium gravii, etc., 8
June 1981, R. J. Kass, with Herrick'330 (Holotype BRY; 5 isotypes to be distributed).
Additional SPECIMENS: Utah, Tooele Co.,
ibid, 20 Mav 1981, R. J. Kass 284 (BRY); ibid,
23 April 1981, R. J. Kass, with Alan Taye 243
(BRY).
The plants begin to flower while snow is still
on the ground in mid-April and continue to
flower to early June. They occur on granite at

2,135 to 2,500

marcescentibus valde, foliis
angustioribus et glabis supra et interdum in-

m elevation.

vestitis petiolis

fra, et pilis

simplicibus vel furcatis

Perennial, caespitose, from a definite,
branching, subligneus caudex, this clothed
with persistent, filiform, threadlike, leaf
bases; stems 2-13 cm tall, glabrous or sparingly hirsute with

mixed simple and forked

dendritic hairs; leaves

all
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NEW SYNONYMY AND NEW SPECIES OF AMERICAN BARK BEETLES
(COLEOPTERA: SCOLYTIDAE), PART XI
Stephen

Wood'

L.

—The following new generic synonymy

= Micropenis Wood), Ctjrtois proposed; Coptodryas Hopkins
= CarpophIoeus Schedl, Taphrobonis Nunberg), Glostatus Schedl = Ctonocnjphus Schedl,
Rhopalocryphus Nunberg), Hijhirgops LeConte (^ Hylescerites Schedl), Hypothcnemtis Westwood = Ernophloeus
Nunberg), Monarthriim Kirsch = Eupteroxylon Eggers), Tenninalinus Hopkins = Kelantanius Nunberg), Xylechinus
Chapuis = Pruniphagtis Murayama), Xylocleptes Ferrari = Hylonius Nunberg). New combinations include: PityophAbstract.

genius Strohmeyer

(

{

(

(

{

(

{

{

thortis anticus

Schedl

is

transferred to Araptus; Hylesinus machilus Schedl

is

transferred to Phloeosinus; Phloeophtho-

Lea is transferred to Phloeotribus; Blastophagus squamosus Schedl is transferred to Polygraphtts;
Chramesus semihrunncus Eggers is transferred to Pseudochramesus: D(icryo))hthorus ca})ensis Schedl is transferred to
Xylechinus: Pseudochramesus imperialis Schedl is transferred to Xylechinus and Hoplituntus abyssinicus Schedl is
transferred to Xylocleptes New specific synonymy includes: Hypothenemiis siindaensis (Eggers) = Ernophloeus
costalimai Nunberg). A note on the South American Hylesinus antipodius Schedl is included. New names are proposed
as follows; Hylesinopsis kenyae for africanus (Schedl 1963) (from Alniphagus) and Hylesinopsis ugandae for africanus
rus acaciae

{

.

(Schedl 1965) (from Hylesinus). Species described as new to science include: Ambrosiodmus ferns (Mexico), Ambrosiodomus paticus (Costa Rica), Carphoborus bicornis (USA), Chaetophloeus pouteriae (Mexico), Cnemonyx euphorbiae (Mexico), Corthylus convexifrons (Venezuela), Corthylus senticosus (Mexico), Corthylus sentosus (Mexico),
Cryptocarenus pubescens (Brazil), Cryptocarenus spattdatus (Mexico), Dendrocramdus mexicanus (Mexico), Hylesinus caseariae (Mexico), Pityophthorus levis (USA), and Trischidias exigua (Mexico).

On

the following pages are recorded syn-

onymy and nomenclatural changes that affect
new synonymy of 11 genera and one species
and new combinations for eight species. Two
new names are proposed for new junior
homonyms that were created by the transfer
of species from

one genus

tion to these changes,

scribed as

new

brosiodmus
phloeus

(1),

to another. In addi-

14 species are de-

genera AmChaetoCorthylus (3),

to science in the

(2),

Carphoborus

(1),

Cnemonyx (1),
Dendrocramdus
(2),

Cryptocarenus

(1),

Pityophthorus (1), and TriThese species are from the USA
(2), Mexico (9), Costa Rica (1), Venezuela (1),
and Brazil (1). Under each heading the species
are listed alphabetically by genus and species.
Hylesinus
schidias

(1),

(1).

The unique female holotype of Coptodryas
confusa Hopkins was examined and compared
to more than 20 species previously placed by
me in Microperus Wood. Notes from my previous examination of this type that were dated
1955 indicated that it was a true Xyleborus
However, the current revision of the tribe
places it elsewhere. In my collection under
the name Xyleborus cryphaloides Eggers, as
determined by F. G. Browne, are two different species, the larger of which

is

identical to

the type of C. confusa. I have not attempted
to locate the type of cryphaloides to review its
specific status, but, regardless of the

outcome

of such a review, the

name Microperus Wood

must be placed

synonymy

in

as

indicated

above.

Cyrtogenius Strohmeyer

Generic Synonymy

C!/rtogeniw.s Strohmeyer, 1910, Ent.

Coptodryas Hopkins

Bliitt.

6:127 (Type-

species: Cyrtogenius hicolor Strohmeyer, monobasic)

Coptodryas Hopkins, 1915, U.S. Dept. Agric. Rept.
99:10, 54 (Type-species: Coptodryas confusa Hopkins,

Carpophloeus Schedl, 1959, Tijdschr. Ent. 101:143
(Type-species; Carpophloeus rugipennis Schedl, mon-

original designation)

obasic).

Microperus Wood 1980, Great Basin Nat. 40:94 (Typespecies: Xyleborus theae Eggers, original designation).
New synonymy.
Life Science

Museum and Department

of Zoology,

New synomjmy

Taphroborus Nunberg, 1961, Ann. Mag. Nat. Hist.
(13)3:617 (Taphroborus vaticae Nunberg, original designation). New synonymy

Brigham Young University, Provo, Utah 84602.
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Schedl named the monobasie Carpophloeus
rugipennis Schedl on the basis of the 3-segmented antennal funicle. Because the number of

for

funicular segments

variable

is

species oiCyrtogenius, there

among the smaller
is no way to distin-

guish Schedl's genus; consequently,

it

must be

placed in synonymy as indicated above. The spe-

Hylurgops LeConte
Hylurgops LeConte, 1876, Proc. Amer.
15:389

Hylastcs

(Type-species:

= Hylurgops rugipennis pinifex

Philos.

(Fitch),

Soc.

Fitch

pinifex

subsequent

designation by Hopkins 1914:123).
Hylesccritcs Schedl,

(Type-species:

monobasic).

Ges.

Zentralbl.

1947,

Hylesccritcs

Ent.

granulatus

2:29

Schedl,

New synonymy

was based on two male and one

cies rugipennis

female syntypes. Schedl (1979, Katalog der wissenschaftlichen Sammlungen des Naturhistorisches

Vol. 46, No. 2

Museums

in

Wien 3

(Heft 2):216) des-

ignated the male in his collection as the lectotype

The lectotype was examined.
Nunberg named Taphroborus vaticae from

of this species.

specimens of undesignated sex. A
"holotype" and paratype (both mounted on
the same card on one pin) were deposited in
the British Museum (Natural History). Because there is no way to tell which specimen is
the type, both must be regarded as syntypes.
The specimen that seems to fit the description
most completely is a female and is still
mounted on the card. The other specimen is a
male and has subsequently been dislodged
from the card and is missing the abdomen and
ventral parts of the thorax. The female syntype is here designated as the lectotype and
the male the allotype of Nunberg's species.
This species falls well within the genus Cijrtogeniiis. For this reason, Taphroborus is
four

placed in synonymy as indicated above.
Glostatus Schedl
Glostatus Schedl,

1939,

Rev. Zool.

Bot.

(Type-species: Glostatus declividepressus

32:386
monobasic)

Afr.
,

Schedl

named

Rhopalocryphus Nunberg, 1967, Rev. Zool. Bot. Afr.
76:320 (Type-species: Rhopalocryphus scydeli Nunberg, monobasic). Neiv

synonymy

fossil

genus

(1947:30) from Baltic amber. Neither the descriptions nor the

photograph of the holotype

indicate any characters that distinguish this

genus and species from Hylurgops. In the
absence of distinguishing generic characters,
Hylescerites is placed in synonymy under the
older

name

as indicated above.

Hypothenemus Westwood
Hypothencmus Westwood, 1836, Trans. Ent. Soc. London 1:.34 (Type-species: Hypothenemus eruditus Westwood, monobasic)
Ernophloeus Nunberg, 1958, Acta Zool. Cracoviensia
2:484 (Type-species: Ernophloeus costalimai Nunberg
= Stephanoderes sundaensis Eggers, original designation).

New synonymy

The female holotype and two female
paratypes of Ernophloeus costalimae Nunberg were examined and compared directly to

my

female homotypes of Stcphanoderes sunEggers. Because they are quite
clearly congeneric with Hypothenemus eruditus Westwood, Nunberg's genus must be
placed in synonymy under Hypothenemus
and his species under sundaensis as indicated
above.
daensis

Ctonocryphus Schedl, 1941, Rev. Zool. Bot. Afr. 34:398
(Type-species:
Ctonocryphus xyloctonus Schedl,
monobasic)

the monobasic

Hylescerites based on H. granulatus Schedl

Monarthrum Kirsch
Monarthrum

Kirsch,

10:213 (Type-species:

1866,

Berliner

Monarthrum

Ent.

Zeitschr.

chapuisii Kirsch,

monobasic)
Eupteroxylon Eggers, 19.36, Rc\-. de Ent. 6:392 (Typespecies: Euptcroxylon comatum Eggers, monobasic)

Following my examination of the types of
most of the species of Glostatus, Ctonocryphus xyloctonus Schedl, and Rhopalocryphus
seydcli Nunberg, I see only one moderately
variable genus. The bisinuate basal margin of
the pronotum and deeply impressed elytral
striae of Ctonocryphus intergrade through
Rhopalocryphus to Glostatus to such an extent that there is no possibility of making a
generic division within the group. Both
Ctonocryphus and Rhopalocryphus are

group oi' Monarthrum The holotype oi comatum was compared to a series of females of
(Cosmocorynus) latus Schedl from Colombia.
The Eggers species is smaller but has almost
identical antennae, and they share the same
general sculptural design of frons and elytra.
They are obviously congeneric. For this reason, Ei{))teroxylon is placed in s\non\iny as

placed in synonymy as indicated above.

indicated abo\

The female holotype of Eupteroxylon comatum Eggers

is

in

the laterale Eichhoflf species
.

e.

WOOD: American Bakk Beetles

April 1986

Terminalinus Hopkins

cleptes bispinus (Duftschmidt); consequently,

Terminalinus Hopkins, 1915, U.S. Dept. Agric. Rept.
99:10, 57 (Type-species: Terminalinus tenninaliae
Hopkins, original designation)
Kelantanius Nunberg, 1961, Ann. Mag. Nat. Hist.

Hylonius must be placed in synonymy as indicated. The status of Nunberg's species was not
investigated.

Xylebonis piinctatopilosus
Schedl, original designation). New synonyrny
(Type-species;

(13)3:621

The unique female holotype of Terminalinus tenninaliae Hopkins was examined and
compared to material in my collection. It is in
the same species group with Xylebonis major
Stebbing, X. latus Eggers, X. siclus Schedl,
pseudopilifer Schedl, X. postecipilosus

X.

Schedl, pilifer Eggers, pseudomajor Schedl,

xanthophijUus

Schedl,

and
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macroptenis

Schedl. Because this species group

New Combinations
Araptus anticus (Schedl),

n.

comb.

Pityophthorus anticus Schedl, 1976, Ent. Abh. Mus.
Tierk. Dresden 41:66 (Holotype, female; Rio Negro,
Brasil; Wien Nat. Mus.)

In the original treatment of Pityophthorus
anticus Schedl, the sexes were reversed. This
species is a member of the genus Araptus and
is

here transferred

to that genus.

makes up

genus previously known as KelanNunberg, Nunberg's name must be
placed in synonymy under the older name
part of the

tanius

Terminalinus as indicated above.

Phloeosinus machilus (Schedl),

n.

comb.

Hylesinus machilus Schedl, 1959, Indian For. Rec, n.s.,
Ent. 9(8): 173 (Paratype; Chachpur, Chakrata, Uttar
Pradesh, India; Wien Nat. Mus.; holotype lost, if it
ever existed)

Xylechinus Chapuis
X!//pc/nfi(/.sChapuis, 1869, Synopsis des Scolytides, p.

(Type-species:

Hylesiniis

(Dendroctonus)

36

pilosits

Ratzeburg, monobasic)
Prunipha^us Murayama, 1958, Bull. Fac. Agric. Yamaguti Univ. 9:930 (Type-species: Pritniphagus gttm-

mensis Murayama, original designation)

The "holotype" and "allotype" o(Pruniphagus gummensis Murayama are mounted on
same

Because the description is comspecimens are female, and there
is no clue in the description as to which is the
type, I here designate the upper female that
has one unbroken antenna (the club is lost on
the other side of the type and on both sides in
the lower specimen) as the lectotype of this
the

pin.

posite, both

very closely allied to
Xylechinus padi Wood but it is distinct. These
two species are members of Xylechinus although the scales on the pronotum and elytra
are rather small and slender and the setae on
the metepisternum are palmately divided.
This placement requires that Pruniphagus be
placed in synonymy as indicated above.
species. This species

is

,

Borkenkafer,

37

p.

genus even though it had been sent to him
under the clearly marked manuscript designation of Phloeosinus machili Beeson (nomen
nudum).
I have examined more than 50 specimens of
this species from Uttar Pradesh, several of
which bear data identical to that published by
Schedl. As indicated above, it must be transferred to Phloeosinus.

Phloeotribus acaciae (Lea),

Xylocleptes Ferrari
Xylocleptes Ferrari, 1867, Die Forst- and Baumsucht-

schadlichen

None of the type specimens, including the
holotype of this species, that were sent by the
Forest Research Institute to Schedl for study
were ever returned to the FRI. After examining the loan sheets at FRI, the nontype material returned by Schedl, and the FRI specimens retained by Schedl from that loaned
material, I suspect that the holotypes cited by
Schedl in the descriptions of FRI species
never existed. A consequence of that action is
seen in the description of Hylesinus machilus
Schedl. The head and prothorax of Schedl's
paratype of this species are missing. As a result, Schedl named this species in the wrong

(T\pe-species:

n.

comb.

Phloeophthorus acaciae Lea, 1910, Proc. Roy. Soc. Victoria, n.s., 22:146 (Syntypes; Tasmania)

Bostrichiis bispiniis Duftschmidt)

Hylonius Nunberg, 1973, E.xploration du Pare Nacional
des Virunga (2)23:16 (Type-species: Hylonius bninneiis

Nunberg,

A

original designation).

New synonymy

paratype of Hylonius brunneus Nunberg
It is congeneric with Xylo-

was examined.

A series of this species was found in the
Schedl Collection (Wien Nat. Mus.). Because
the genus is unknown in the area from southern Asia to Australia, except for this species, it
is of special interest. The three terminal seg-
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ments of the antenna are no wider than those
of the funicle, smaller than in rhododactyhis
(Marsham) of Europe. This and other primitive characters suggest that this species was
derived from South American stock prior to
the Tertiary and has been preserved with little modification. The scutellum is not visible.
Schedl (1938, Proc. Linn. Soc. N.S.W.
83:216) erroneously placed the species in
Xylechitius a genus quite unrelated to the
,

one

to

which

it

belongs.

Polygraphus squamosus {Sched\),

n.

species

sus Schedl
rial at

is

named

member

Xylocleptes abyssinicus (Schedl),
Hoplitontus

in

Schedl,

it is

Rev.

Ent.
|

Nat.

The holotype

of Hoplitontus abyssinicus
almost totally covered by glue. It
definitely is a member of the Dryocoetini and
probably is in Xylocleptes A more precise
identification must await a time when the glue
can be dissolved to expose additional charac-

Schedl

is

ters.

New Names

of Polygraphus and must be trans-

Chramestis semibninneus Eggers, 19.50, Ent. Blatt.
45-46:145 (Holotype, male; Brasil; Wien Nat. Mus.)

Schedl had the sexes reversed

in this

genus.

The male holotype of Chramesus semihrunneus Eggers was examined.

It is

a

the genus Pseudochramesus and

is

member

Hylesinopsis kenyae

of

Abiiphagus africanus Sched\, 1963, Ent. Abh. Ber. Mus.
Tierk. Dresden 28:2.59 (Holotype; Riff Valley, Kenya;
Wien Nat. Mus.) Preoccupied

The species named Alniphagus africanus
Schedl is a member of the genus Hylesinopsis. Because the transfer of this species causes
it to become a junior homonym of africanus
(Eggers 1933), a replacement name is needed.
The new name kenyae is proposed as a replacement for the Schedl species.

here transindicated above.

Hylesinopsis ugandae
Hijlesinus africanus Schedl, 1965,

Xylechinus capensis (Schedl),

n.

comb.

The female holotype of Dacryophthorus
capensis Schedl belongs to the genus Xylechinus and is here transferred to that genus.
n.

loana 16:39 (Lectotype, male;
designation)

Wien

original description of

n. n.

Nova Taxa

Ent. 38:4

Preoccupied

The

transfer of Hylesinus africanus Schedl

makes

to Hylesinopsis

Xylechinus imperialis (Schedl),

,

(Holotype; Mpanga, Uganda; British Mus. Nat. Hist.).

Dacryophthoriis capensis Schedl, 1971, Opusc. Zool.
Munchen 119:6 (Holotype, female; Cape Prov., South
Africa; Wien Nat. Mus.)

secondary
1933).

homonym

this species a junior
of

africanus (Eggers

The new name ugandae

is

proposed

as

a replacement for the Schedl species.

lb.

Pseudochramesus imperialis Sched], 1958, Acta Zool.

n. n.

,

a

Pseudochramesus semibninneus (Eggers),
n. comb.

The

comb

n.

1965,

Mus.)

the Schedl mate-

ferred to that genus.

ferred to the genus as

abyssinicus

Mozambique 8:364 (Holotype; Abyssinien; Wien

paratype. This specimen

the description of the species, but

fits

I have
found no description associated with this
name, it is presumed to be a nomen nudum.

Blastophagiis squamo-

represented

Wien by one

oi Xylechinus calvus Schedl. Because

.

comb.

Blastophagus squamosxis Schedl, 197.5, Ent. Basil. 1:384
(Holotype; Bhutan, Dorjula; Nat. Mus. Basel)

The
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Special Note
Lil-

Hylesinus antipodius Schedl

Nat. Mus., present

Hylesinu.s antipodius

Pseudochrame-

imperialis Schedl is composite. The
"holotype" cited by Schedl (1979:122) and so
labeled in his collection is here designated as
the lectotype of this species. An abundance of
characters indicates that it belongs to the
genus Xylechinus. A second male in the
Schedl Collection is labeled as the "holotype"

Schedl 1951, Rev. Chil. Ent. 1:17
Wien Nat. Mus. and Museo

(Syntypes; Rengo, Chile;

Nacional de Historia Natural, Santiago)

sus

Hylesinus antipodius Schedl

known

true

member of

this

genus

is

in

the only

America

south of Guatemala. The elytral scales are
more slender than in any North American
species. It appears to be more closely allied to
H. cordipennis Lea, from Australia, than to

WOOD: American Bark Beetles

April 1986

any other species known to me. If this is correct, then H. antipodius would probably have
been derived from Australian stock prior to

when

island

hopping was

still

between

these

separating

land

the Tertiary
possible

not indicated; declivity as in divexulus except
strial

Ambrosiodmus ferus

n. sp.

vestitute stouter,

— del Coco, Costa
—The female holotype and

Type locality.
Type material.

is

on the
distin-

guished from divexulus by the larger
gradual,

more

finely

size,

punctured

by

ely-

and by other characters de-

scribed below.

—

mm

(paratypes
Length 2.6
Female.
2.5-2.7 mm), 2.4 times as long as wide; color
black.

Frons about as in divexulus except a weak
median carina present on upper half.
Pronotum as in divexulus except summit
more distinct, asperities behind summit

and

slightly larger

closer.

Elytra similar to divexulus except discal
strial punctures slightly larger, not as deep,
interstrial
clivity

punctures smaller, not as deep; degradual, particularly on upper

more

half, interstriae 1

not elevated; vestiture finer,

slightly larger.

Veracruz, Mex—
Type material. — The female holotype and

Type locality.

Jalapa,

ico.

female paratvpes were taken at the type
locality on 16-VIII-1983, FANM-33, from
Quercus, by Felipe A. Noguera.
The holotype and paratypes are in my col-

five

lection.

,

n. sp.

Carphoborus biconiis

—

distinguished from divexulus
described below.
(paratypes
Length 1.9

mm

1.8-1.9 mm), 2.2 times as long as wide; color
very dark brown.
Frons about as in divexulus except central
three-fourths without reticulation, shining.
Pronotum similar to divexulus except reticulation absent, asperities on posterior half distinctly larger, closer.

Elytra similar to divexulus except discal

punctures of

my

col-

medium

size,

confused, striae

,

n. sp.

—

mm

(paratypes
Female.
Length 1.5
1.3-1.6 mm), 2.5 times as long as wide; color

dark brown, vestiture pale.

Frons convex, flattened on lower twoon median half, surface reticulate; a
pair of rather widely spaced, conspicuous
hornlike spines just below upper level of eyes
on median two-thirds, each two or more times
as high as basal width in Alabama series, about
as high as wide and blunt in Florida series,
ventral surface of each spine with a few scales.
Pronotum and elytra as in bifurcus except
declivital interstriae 3 with crest of elevation
wider, denticles more numerous and much
thirds

more strongly confused.
Male. Similar to female except frons as

—

in

male bifurcus.
Fayette, Alabama.
Type locality.
Type material. The female holotype,
male allotype, and two paratypes were taken
at the type locality ¥-159-10037, from Pinus,
by Walter Grimes. Fourteen paratypes were
taken at Archibold Biological Station, Lake

—
—

March

1984, Pinus clausa

,

by Mark Deyrup.

The holotype,

is

Wood by characters
Female.

are in

This species is distinguished from bifurcus
Eichhoflfby the frontal and declivital characters that are described below.

Placid, Florida, 7

Ambrosiodmus paucus
This species

Rica.

Isla

clearly allied to divexulus

is

It is

declivity,

distinctly

lection.

posterior face of the antennal club.

tral

punctures

armed as on 3; declivital
of more uniform length.
1

The holotype and paratypes
,

Wood, although only one suture

more

interstrial

three female paratypes were taken at the type
locality in April 1980 by George Stevens.

NewTaxa

the

and

smaller, interstriae

masses.

This species
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in

allotype,

and paratypes are

my collection.
Choetophloeus pouteriae

,

n. sp.

This species is distinguished from insularis
(Blackman) as indicated by characters described below. This is the third species in the
group lacking submarginal crenulations be-

hind the marginal row at the base of the

Male.
1.2 mm),

— Length

mm

elytra.

(paratypes 1.11.8 times as long as wide; color dark
1.2

brown, vestiture pale.
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Frons as in insularis except impression less
extensive above eyes.
Pronotum as in insularis except punctures

much

smaller,

more

definite, spaces

between

punctures almost smooth;
broader, those on anterior margin conspicushorter,

scales

"
Cortlnjlus convcxifrons

deeper, very slightly larger; scales
cover much stouter.

punctures
in

ground

—

Female.
Similar to male except frons almost flat on lower half, convex above.
Campo Experimental.
Type LOCALiri'.
INIF, Escarcega, Campeche, Mexico.
Type material. The male holotype, female allotvpe, and six paratypes were taken at
the type locality on 9-1-1984, AEV-85, Pouteria campechana by A. Estrada V.
The holotype, allotype, and paratypes are

—
—

,

in

my collection.
Cnemonyx eupJwrbiae

,

n. sp.

This species is distinguished from splenWood by characters described below.

clens

—

Female.
Length 2.5 mm (male paratypes
mm), 2.04 times as long as wide; color

2.3

reddish brown.

Frons with median two-thirds from epis-

toma

to upper level of eyes rather abruptly,
concavely impressed, impressed area densely, rather coarsely punctured and ornamented
by numerous, erect, rather stout setae of uniform length; epistoma not subcarinate as in
splendens Antenna about as in splendens.

splendens except anterior
constriction more distinct, punctures coarser

and

as in

closer.

punctures confused, declivital inters-

triae less strongly elevated, declivital interstrial

setae

much

smaller,

almost obsolete,

hairlike.

— Similar female except frons conType locality. — Canon de Lobos, Yautepec, Morelos, Mexico.
Type material. — The female holotype,
Male.

to

vex, glabrous, punctures less dense.

male allotype, and two male paratypes were
taken at the type locality on 14 Marzo 1984,
1,400 m, SM-247, by Edgar Martinez F.
The holotype, allotype, and paratypes are
in

mv collection.

— Length

mm

3.4

(paratypes

procurved sutures present; posterior face
bearing a small tuft of hair arising from lateral
half of all three segments, extending slightly

(

beyond tip of club.
Pronotum 1.1 times

as long as wide; sides
almost straight and subparallel on basal half,
broadly rounded in front; anterior margin
subcostate, with about eight weak serrations
indicated; posterior half reticulate, punctures
sparse, minute. Glabrous.
Elytra 1.36 times as long as wide, 1.44
times as long as pronotum; sides almost

straight

and

parallel

on basal three-fourths,

very broadly rounded behind; disc subreticulate, punctures small, shallow, distinct, confused. Declivity very steep, shallowly sulcata
on median third; lateral margins on upper half
armed by two pairs of small, blunt tubercles; a

weak

ventrolateral margin indicated on

me-

dian third. Almost glabrous.

Male.

— Similar

to

female except epistomal

elevation poorly formed, anterior margin of

pronotum with two coarse
tal

Elytra about as in splendens except interstrial

'

2.9-3.6 mm), 2.4 times as long as wide; rather
light reddish brown.
Frons evenly, strongly convex, median
fourth with a slight elevation, a small median
tubercle on elevation; surface finely reticulate, punctures minute, sparse; glabrous. Antennal club slightly asymmetrical, two feebly

.

Pronotum

n. sp.

thijlocurus species.

Female.
strial

,

This species is unique and does not fit into
any known species group. The female frons is
convex and glabrous, the general pronotal and
elytral featiu'es are much as in the larger Cor-

ously longer.
Elytra as in insularis except
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serrations, declivi-

impression slighth' stronger.

—
—

Type LOc;ALrrY
La Mucuy, 20
Merida, Merida, Venezuela.
Type material. The female

km

west of

holotype,

male allotype, and 13 parat\'pes were taken at
the type locality on 12-XI-1969, 2,500 m. No.
131, from an unidentified tree branch, by me.
Paratvpes include: 6 from the tvpe locality
taken' 22-XII-1969, No. 207, from a tree
seedling; 19 from La Carbonera Experimental
Forest, 50 km west of Merida, Merida,
Venezuela, 9-XII-1969, 2,500 m. No. 174,
from Nectandra branches; all were taken by
me.
The holotype, allotype, and parat\'pes are
in

m\ collection.

i

WOOD: American Bark Beetles

April 1986

Corthylus senticostis
This species

is

ulate, interstriae 2

n. sp.

,

distinguished from scntus
antenna, and

Wood by characters of the frons,
elytral

dechvity as described below.

—

Length 1.5 mm (allotype 1.8
Female.
mm), 2. 1 times as long as wide; color very dark
brown.
Frons extensively excavated as in scntus
except vestiture on vertex slightly shorter,
lateral spongy areas slightly larger, a large
longitudinal,

cylindrical,

subcarinate eleva-

from just above epistoma to
frons; excavated area
glabrous except for fringe of long hair on vertex. Antennal club much less asymmetrical.
tion extending

just

below middle of

Pronotum

Male.

— Similar

to

female except frons con-

vex, reticulate, subglabrous; anterior margin

or

on middle half

distinctly,

rather weakly elevated, crest of this elevation

armed by
Male.

a

row of four

— Similar

fine denticles.

female except frons convex, reticulate, subglabrous; anterior margin
to

armed by two small serrations.
Type locality.
Km 32 on Carretera
Patzcuaro-Ario de Rosales, Michoacan, Mex-

of pronotum

—

ico.

—

Type material. The female holotype,
male allotype, and one female paratype were
taken on 31-X-1980, 2,360 m, S-130, from
PsiticantJius sp., by T. H., Atkinson and Ar-

mando Ecjuihua.
The holotype, allotype, and paratype

are in

my collection.

as in sentus.

Elytra resembling sentus except disc
mostly subreticulate, punctures mostly obsolete; declivity steeper, interstriae 2 on upper
third rather strongly, narrowly elevated and
armed by small, pointed denticles to middle
of declivity, sutural interstriae not elevated or

armed.
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pronotum armed by two serrations.
Type locality. Jalapa, Veracruz,

Mex—
Type material. — The female holotype and

ico.

male allotype were taken at the type locality
on 23-X-1983, FANM-77, from Psitocanthus
schiedeanus by Felipe A. Noguera.
The holotype and allotype are in my collec-

Cryptocarenus pubescens
This unicjue species

is

,

n. sp.

the largest, stoutest,

most pubescent member of the genus.
Female.
Length 3.1 mm, 2.3 times as
long as wide; color reddish brown.
Frons broadly convex; coarsely, closely,
subrugosely punctured from epistoma to vertex; median line from upper level of eyes with

—

an impunctate,

transversely strigose, low,
subcarinate elevation; vestiture fine, rather
long, moderately abundant. Antennal sutures

more

strongly procurved than usual for this

genus.

Pronotum

as long as

wide; sides weakly

ar-

,

tion.

Corthylus sentosus
This species

is

,

n. sp.

distinguished from sentus

Wood by characters of the frons,

antenna, and
elytral declivity as described below.

Female.

— Length

1.9

mm

(allotype

and

paratype 2.0 mm), 2.3 times as long as wide;
color very dark brown.
Frons as in sentus except spongy areas more
widely separated below but extending well
above upper level of eyes laterally, their inner
margins on upper half each bearing a row of
about six long, coarse setae, setae on vertex
much shorter. Antennal club about as in senticosus Wood.
Pronotum as in sentus except disc without
crenulations.

Elytra as in sentus except devoid of punctures, uniformlv subreticulate; declivitv retic-

cuate and subparallel on basal half, somewhat
narrowly rounded in front, anterior margin
armed by 14 serrations; anterior slope armed
by numerous asperities of moderate size; posterior areas finely punctured,

punctures on

disc finely granulate. Vestiture of fine, erect,

rather abundant hair.

Elytra 1.4 times as long as wide, 1.4 times
pronotum; sides almost straight and
parallel on basal two-thirds, rather broadly
as long as

rounded behind; surface almost smooth and
shining, punctures rather small, shallow, con-

Declivity rather steep,
convex; surface obscurely reticulate, punc-

fused, rather close.

tures as on disc.

—
—

Sixty-nine km north of
Type locality.
Manaus, Brazil.
Type material. The unique female holotype was taken at the type locality on 7-XII1979, by George Stevens.

The holotype

is

in

my collection.
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Cryptocarenus spatidatus

,
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Elytra as in costaricensis except surface on
more wrinkled; declivity

n. sp.

basal fourth of disc

This species

is

distinguished from lepidus

Wood by characters described below.

—

Female.
Length 1.8 mm (Paratypes 1.8
mm), 2.5 times as long as wide; color dark
Frons as in lepidus except subparallel aciculations on upper two-thirds of frons deeper.
Pronotum about as in lepidus except asperities much coarser, resembling Hypothenemus\ anterior margin armed by 6-8 serrations.

as

lepidus

in

more

interstriae

except

declivity

more deeply im-

steeper; strial punctures

pressed,

regularly

punc-

tured; vestiture extending to base on at least

odd-numbered

strial

punctures smaller,

granules replace punctures;
vestiture similar but finer on disc and declivity.

—

reddish brown.

Elytra

not quite as steep,
fine interstrial

interstriae, regular

rior half of elytra

on

all

on poste-

interstriae,

much more

lepidus,

each seta

Male. Similar to female except frons
more strongly convex above, punctures obscure except laterally, vestiture sparse, inconspicuous; elytral declivity similar to costari-

more

censis except not as steep,

impressed on interstriae 2, 3 higher, granules
on 2 not evident; setae a bit more slender.
Type locality.
Naolinco,
Veracruz,

—
material. — The

Mexico.

Type
female holotype,
male allotype, and six paratypes were taken at
the type locality on 28-1-1984, FANM-120,
from Sechium edidis F. A. Noguera M.
The holotype, allotype, and paratypes are
,

closely

spaced than

in

strongly flattened on its
about twice as wide as in lepidus.
erect,

distal

half,

Maria Chimalpa,
—
Type material. — The female holotype and

Type locality.
Oaxaca, Mexico.

in

Hylesinus caseariae
This species

Dendrocranulus mexicanus,

n. sp.

distinguished from californimore deeply, more broadly

impressed male frons, by the less distinct,
female frontal carina, by the
less strongly impressed declivital interstriae 2
in both sexes, and by the smaller, stouter
scales on pronotum and elytra.
Male. Length 2.5
(paratypes: male
slightly longer

—

mm

mm,

females 2.6 mm), 1.8 times as long as
wide; color pattern as in californicus except
with more dark brown scales, fewer pale
2.8

scales.

Frons resembling californicus except impression deeper, extending higher on vertex,

n. sp.

distinguished from the allied
costaricensis Eggers by the characters deis

much broader, lateral margins higher, more
abruptly rounded to upper level of eyes; median line feebly elevated.

scribed below.

Pronotum about

—

Female.
Length 2.5 mm (paratypes 2.22.5 mm), 2.7 times as long as wide; color very
dark brown.
Frons as in costaricensis except punctures
mostly finely granulate; vestiture equal in
abundance but conspicuously shorter and of
darker color.

Pronotum

is

,

cus Swaine by the

National Collection.

This species

my collection.

Sta.

seven paratvpes were taken at the type local10-11-1984, 250 m, S-977, Struity on
thanthus, by Armando Equihua. One paratype is labeled 5 mi N. Mazatlan, Sinaloa,
Mexico, 24-VII-1964, H. F. Howden. A specimen, not designated as a paratype, is labeled
Peru, 12-IX-1963, E. M. Jones, in derus plant
intercepted at Miami.
The holotype and seven paratypes are in my
collection; one paratype is in the Canadian

as in costaricensis except

punc-

tured area smaller, asperities slightly larger
and more extensive in posterolateral areas;
punctures in discal area mostly with fine granule on lateral margin.

<

strongly

as in californicus

rugose-reticulation

stronger,

except

asperities

ap-

parently smaller and more numerous, scales
smaller, usually stouter.
Elytra similar to californicus except interstriae 2

very slightly

closer,

less strongly

impressed,

and 3 and base of 2 smaller,
more definite; erect scales on 1 more

tubercles on

1

slender, each 2.5-3.0 times as long as wide,

those on 3-7 distinctly smaller, slender setae
8, 9, and basal half of 7 much more slender,

on

hairlike;

stouter.

scales

in

ground cover smaller,

^
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—

Female.
Similar to male except frons basiconvex as in californicus except carina
lower and slightly longer; declivital interstriae 3
not impressed, resembling 1 and 3, erect scales
cally

normal, not enlarged.

—
—

Type LQCALITI'. Acajete, Veracruz, Mexico.
Type material.
The male holotype, female
allotype, and one male and one female paratype
were taken at the type locality on 22-XI-1983,
FANM-92, from Casearia (Flacourtiaceae), by
Felipe A. Noguera.
The holotype, allotype, and paratypes are in

my collection.
Pityophthorus
This species

is

levis

,

n. sp.

distinguished from the hoycei

Swaine and the comosus Blackman groups of
species by the virtually impunctate, subglabrous
frons that

is

not sexually dimorphic and by the

elytral declivity that

—

resembles neither group.

Female.
Length 2.5 mm (paratypes 2.2-2.7
mm), 2.7 times as long as wide; color dark
brown, elytra often reddish brown.
Frons broadly convex; surface smooth, shining, a few minute punctures; subglabrous, a few
fine, short setae usually present. Antennal club
resembling comosus except sutures almost

273

—
material. — The

Type locality.
Fifteen miles northwest
of Flagstaff, Arizona (Hart's Prairie Road).
Type
female holotype,
male allotype, and 13 paratypes were taken at
the type locality on 18-1X-1984, from lateral
shoots of Pinus ponderosa by M. R. Wagner.
,

Trischidias exigua

This

is

genus.

It

n. sp.

,

the fourth species

named

in this

distinguished from the closely
allied atoma (Hopkins) as described below.
is

Female.

— Length

0.8

mm

(paratypes

0.8-0.9 mm), 2.1 times as long as wide; color
very dark brown, almost black.
Frons as atoma except without a median
impression.

Pronotum resembling atoma except antemargin armed by four serrations, asperities higher and apparently less numerous,
rior

surface smooth, shining, without any indication of reticulation. Vestiture mostly hairlike,

a few stouter setae on posterior areas.

Elytra about as in atoma except
tures

much

strial

granules

strial

punc-

smaller, weakly impressed, inter-

much

smaller (half as large),

erect interstrial scales of equal length but only
half as wide, each about four times as long as

straight.

wide.

Pronotum resembling comosus except summit not as high, punctures on posterior areas

Type locality.
Campo Experimental,
INIF, Escarcega, Campeche, Mexico.
Type material.
The female holotype and
six paratypes were taken at the tvpe locality on
15-11-1984, AEY-111 from Belotia campheUi,
by A. Estrada V.
After the above description was prepared, a
series from southern Florida was examined.

considerably smaller,
widely spaced.

shallow,

much more

Elytra resembling hoijcei except discal punctures slightly larger and less

numerous, con-

fused, declivity steeper, lateral convexities

more

abrupt, interstriae 2 narrower on lower half, tubercles (about 6) conspicuously larger. Vestiture
fine, rather

striae 2,

long on declivity, absent on inter-

very short on

1.

—
—

These are not part of the type series.
The holotype and paratypes are in
lection.

my

col-

ENERGY AND PROTEIN CONTENT OF COYOTE PREY IN SOUTHEASTERN IDAHO
James G. MacCracken'" and Richard M. Hansen'
Abstract.

— Gross energy, digestible energy, crude protein, and digestible crude protein were estimated

for

two

were the primary prey of coyotes {Canis latrans) in southeastern Idaho. Digestible
(38%-54%) more than digestible energy (3.5-4.4 kcal), in the prey examined.

leporids and five rodents that

protein estimates differed

Information on the energy and nutrient
mammals that are the food of

content of small

coyotes {Canis latrans)

is

necessary to evalu-

those data are valuable in ecological

1982 and frozen. Additionally, five specimens
each of the black-tailed jackrabbit {Lepits cali-

and for research on

fornicus), Nuttall cottontails {Sylvilagus nut-

ate prey selection (Pyke et
tion,

rat {Dipodomys ordii), and least
chipmunk {Eutamias minimus). All specimens were trapped during the summer of

kangaroo

studies of other predators,

al.

1977). In addi-

and montane vole {Microtus mon-

nutrient cycling and energy flow through

tallii),

ecosystems (Golley 1960, Odum et al. 1962,
Weigert 1965, Fleharty et al. 1973). Research
has shown that energy composition of some
small mammal bodies varies seasonally and
geographically (Gorecki 1965, Fleharty et al.

tanus) were collected during July 1983 and

1973,

Cameron

et

that the use of data

1979), which indicates
from the immediate study

al.

may be necessary.
The purpose of this study was

area

frozen.

Frozen specimens were chopped into approximately 1 cm^ pieces, oven-dried at 60 C
for 72 h, then ground in a Willey Mill to pass
througl1 a z-mm mes h screen. Samples were
then submitted to the Nutrient Analysis Lab,

protein and digestible crude protein of small

Colorado State University, to determine gross
energy (kcal/g dry matter) by bomb calorimetry and crude protein (% dry matter) by Kjeldahl nitrogen (x 6.25), in duplicate for each

mammals

individual animal.

to estimate

the gross and digestible energy and crude
in

conjunction with a study of coy-

and Hanson
1979, MacCracken and Hansen 1982). Large
differences in prey body composition might
ote feeding strategies (Johnson

influence coyote food selection.

The digestible fraction of each species was
estimated using the data of Johnson (1978).
Litvaitis and Mautz (1980) reported similar
results from feeding trials with captive coyUsing Johnson's estimates, digestible
energy and protein were calculated for each
species on a dry weight basis.
otes.

Methods
Small mammals were collected from the
Idaho National Engineering Laboratory
southeastern
Idaho
(INEL)
Site
in

(-113°00'W, 44°00'N). The INEL Site occupies about 231,500 ha of the Upper Snake
River Plain. The dominant vegetation of the
study area was a sagebrush/bunchgrass
{Artemisia IA^ropijron) shrubsteppe. Dr. B.

Idaho State University supplied
specimens each of the deer mouse {Pcromyscus maniculatus), Townsend's ground
scjuirrel {Spermophilus townsendii), Ord's
L. Keller of

five

Analysis of variance, followed by Tukey's

mean

separation procedure, was used to test

mean gross energy and
crude protein among the species examined (P
= 0.05). Adequacy of sample size (N = 5) for
each species for gross energy and crude
protein estimates was assessed using a standard formula based on the t distribution (Giles
1971:158). Ade(juate sample size (N^) precision levels were set so as to permit estimates
for

differences in

within

10%

of the

Department of Range Science, Colorado State University, Fort Collins, Colorado 80523.
^Present address: Institute of Northern Forestry, 308 Xanana Drive, Fairbanks, Alaska 9977,5-.5.500.
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mean with 95%

confidence.
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Mean
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(SE) gross energy (kcal/g dry matter), digestible gross energy', crude protein (% dry matter), and

digestible crude protein of coyote prey on the Idaho National Engineering Laboratory in southeastern Idaho.

estimated adequate sample size^ for gross energy and crude protein values.

Energy
Species

Protein

Ne

is
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Our

aud those of Davison et al.
and Mautz (1980) indicate
that percent crude protein varies among spe(1978)
cies
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Literature Cited

results

and

Litvaitis

more than does

vation

suggests

gross energy. This obser-

that

generahzations about

protein content of animal bodies across species hnes are of limited value. However, our

conclusions and those of other studies cited
herein suggest that gross energy levels are

among species and locales.
To what degree coyotes are able to detect
differences in prey body composition is unsimilar

known. Digestible energy ranged from 3.5
4.4 kcal/g dry matter, or a

25%

Apparently, prey abundance, body size, and/
or defensive strategies may be more important in coyote prey selection. However, digestible protein estimates ranged from 38% to
54%, or a 42% difference. Protein could be

important in prey selection. Furthermore,
other nutrients and trace elements should be

,

W W

,

,

cycles of four species of rodents,

to

difference.

!
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ESTIMATES OF SITE POTENTIAL FOR DOUGLAS-FIR BASED ON SITE INDEX
FOR SEVERAL SOUTHWESTERN HABITAT TYPES
Robert L. Mathiasen', Elizabeth A. Blake', and Carleton B. Edminster^

Abstract.

— Estimates of

site potential for

compared
between the habitat types

Douglas-fir based on measured site indexes in 450 stands are

types. Significant differences in site potential are found

between 10 southwestern habitat
studied.

Site index

method

is

curves and normal yield tables to estimate
yield capability for habitat types in Montana

currently the most widely used

of evaluating site quality or potential

productivity of forest lands in the United
1972,
States (Jones 1969, Husch et al.

and Idaho.
Southwestern

based on the
average heights of dominant and codominant
trees at a specified index age (usually 50 or 100
years). Because stands of the index age are
seldom encountered, site index curves are

intensively

Daubenmire

1976). Site index

is

than

is

1978). Habitat type classifications are recognized for these forests, but little information is
available on the timber productivity potential
for these habitat types (Moir and Ludwig

1979,

Hanks

et al' 1983,

Alexander et

1984). Jones (1974) provides a

al.

summary of the

of southwestern mixed conifer
and emphasizes a need for improving
their management based on the application of
silviculture

hypothetical trees of specified site indexes.
to classify forest vegetation

in

ductivity data are presently limited (Gottfried

constructed to allow for estimation of site index for stands older or younger than the index
age by interpolation between the curves. Site
index curves describe the height growth of

The use of habitat types (Daubenmire

forests are becoming more
managed for timber production
the past. However, growth and pro-

forests

1952)

gaining accep-

tance by land managers and researchers in the
western United States (Layser 1974, Pfister
1976, Pfister and Arno 1980). One of the pri-

habitat types or stand types. This study pro-

timber management. Habitat types are used to compare

Douglas-fir for several recognized southwest-

mary uses of

habitat types

is

vides additional quantitative data on site potential

in

1980).

The use

of habitat types to predict forest

productivity potential

is

proposed by sev-

eral investigators. Differences in the rate of

height growth by habitat type are demonstrated for several tree species (Daubenmire
1961, Deitschman and Greene 1965, Stanek
1966, Stage 1975, Hoffman 1976). Significant
differences between site indexes are also
shown for habitat types (Stanek 1966, Stage

Hoffman 1976). Pfister et
1977) and Steele et al. (1981) use

1975,

al.

site

site

index measurements for

ern forest habitat types.

regeneration success, succession patterns,
cutting methods, and timber productivity and
to develop guidelines for collecting seed and
planting nursery stock (Pfister and Arno

site

based on

Methods
Total height and age at diameter breast
height were measured for two to six vigorously growing dominant or codominant Dou-

450 uneven-aged southwestern
mixed conifer (419) stands
from 1979 to 1985. Trees with visible signs of
abiotic, insect, or disease damage were not
glas-firs

in

spruce-fir (31) or

selected as site trees in the stands.

The

follow-

ing information was recorded for each stand:
national forest, location (township, range, and
section), elevation (nearest 100 feet), aspect

(four cardinal directions), slope (nearest 5%),

(1971,

index

slope position

(flat,

Northern Arizona University, School of Forestry, Flagstaff, Arizona 86011.
Forest Service, Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colorado

^USDA

111

i

bottom, ridge, slope) and

'
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Southwestern spruce-fir and mixed conifer habitat types sampled.

1.

Spruce-fir Habitat Types

ABLA/LIBO:

Abies lastocarpalLinnaea borealis~
(Abies lasiocarpalVacciniwn scoparium-Linnaca borealis^)
Abies lasiocarpa/Erigeron eximius^'^
(Abies lasiocarpa/Erigeron superbus*)

ABLA/ EREX;

Mixed Conifer Habitat Types

PIEN/SECA:

Picea engebnanniilSenecio cardaminc^
(Picea pungens-Picea engelmanniilSenecio cardamine

)

PIEN/EREX;

Picea cngcbnanniilErigcron cximius^

PIPU/EREX:

(Picea pungens-Picea cngebnannii/Erigeron superbiis^)
Picea pungens/Erigeron exiniius'

(Picea pungens-Pseiidotsiiga menziesii
Abies concolorlAcer glabrum^'^
(Abies concolor-Pseudofsttga menziesiilAcer glabrum ^)
Abies concolorlFestuca arizonica^^
(Abies concolor-Pseudotsuga menziesii /Poafendleriana^)
^
Abies concolorlQuercus gambelii ~
(Abies concolor-Pseudotsuga menziesii/Qucrcus gambeUi*)
Abies concoIor/Berberis repcns
(Abies concolor-Pseudotsuga »u'»iz;r.su7[sparse]^)
Abies concolorlErigeron eximius'^
(Abies concolor-Pseudotsuga menziesiilErigeron superbus^)
)

ABCO/ACGL;
ABCO/FEAR:

ABCO/QUGA:

'

ABCO/BERE;
ABCO/EREX;
'Ale.xander, B

Mexico.

USDA

G Jr F Ronco. Jr E L Fitzhugh. and J A Ludwic 1984.
Forest Service, Gen. Tech. Rep. RM-104, 29 pp.
H Moir, and F Ronco. Jr In preparation.
J A LUDWIG.
.

"DeVelice. R L
Colorado.

.

,

W

,

USDA Forest Service, Gen. Tech. Rep. RM.
W H Moir, J A Ludwig. and F Ronco

^Fitzhugh, E L

,

Forest habitat types

A

classsification of forest habitat ts-pes of the Lincoln National Forest,

New

A

classification of forest habitat types of

in

the Apache, Gila, and part of the Cibola national forests, Arizona and

northern

New

Mexico and southern

New

Mexico. In preparation.

*MoiR,

W

H AND J A
.

Li'Dwic 1979.

A classification

of spruce-fir and nii.xed conifer habitat types of Arizona and

New

Mexico.

USDA

Forest Service, Res.

Pap. RM-207. 47 pp.
concolor-Pseudotsuga menziesii/Poa fendleriana habitat type originally described by Moir and Ludwig (1979) is now considered to represent a
phase of the Abies concolorlFestuca arizonica habitat type described by Moir and Ludwig (1979). Personal communication with W. B. Moir, 1985.
nfOUNCBLOOD. A P In press. Coniferous forest habitat types of central and southern Utah. USD.^ Forest Service, Gen. Tech. Rep. INT.

^he Abies

Table

2.

Mean

Douglas-fir site inde.xes and standard

deviations by habitat type.

Mathiasen

April 1986

ABCO/FEAR

etal.: Douglas-fir
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(87.6) habitat types

pret these data as representing moderate to

are classified as high site potential habitat

high site (juality for the Southwest. Our site
index data for this habitat type basically correspond to that of Moir and Ludwig's, except
the range of site indexes is wider in our study.
Moir and Ludwig (1979) do not present
Douglas-fir site quality estimates for three of
the habitat types sampled in this study. Based
on our site index data, site quality for Douglas-fir is moderate for the ABCO/EREX and
ABLA/EREX habitat types and high for the

(89.5),

types

and

ABLA/LIBO

The

Douglas-fir.

for

classified as the

(niean-67.7)

is

habitat type.

The moderate

low potential

site potential class

includes the remaining six habitat types studied with mean site indexes ranging from 82.6

(PIPU-EREX)

(ABLA/EREX). Mean

to 73.6

indexes for the ABLA/EREX and ABLA/
LI BO habitat types were not significantly dif-

site

were

ferent, but they

classified into different

potential classes because the

site

ABLA/LIBO

habitat type

mean for the

was below 70

feet.

ABCO/FEAR habitat type.
Several investigators discuss the difficulties
of using site index for estimating site potential
in

Discussion
Site index

is

currently the most widely used
site quality in the

method of evaluating

United States (Jones 1969, Husch et al. 1972).
Several investigators note significant differences in

site

index between habitat types for

Roe 1967,
Daubenmire

several tree species (Stanek 1966,

Hoffman

1976).

However,

(1961) rejects the use of ponderosa pine site
index curves for predicting potential productivity of habitat

Our

types in eastern Washington.

results indicate that the southwestern

spruce-fir

sampled

and mixed conifer habitat types
study can be grouped into

in this

three significantly different site quality classes
Hoff^man (1976) also demonstrates significant differences in Douglas-fir
site index between three habitat types in cen-

for Douglas-fir.

Idaho.

tral

descriptions

their

In

of

uneven-aged stands (Stage 1963, Jones

Daubenmire

1969, Curtis 1976,

southwestern

and mixed conifer habitat types,
Moir and Ludwig (1979) give estimates of site

et

al.

1976). Steele

(1981, 1983) use site indexes

and normal

yield tables to estimate productivity potential
for habitat types in

Montana and Idaho. How-

ever, normal yield tables for Douglas-fir in the

Southwest are not available, and we do not
use of yield tables from other regions
would be valid for the Southwest. The develfeel the

opment

of separate site curves for different
improve the accuracy of

habitat types should

index as an estimate of site quality. Howmay not solve the problems related to using site index in unevenaged stands such as early suppression of shade
tolerant species (Vincent 1961, Curtis 1976).
We agree with the suggestion of Steele et al.
site

ever, this approach

development and subsequent

(1983) that the
validation

of growth and

models using growth

simulation

yield

coefficients

based on
improve

habitat types (Stage 1973, 1975) will

productivity estimates for habitat types.

spruce-fir

Literature Cited

quality for individual tree species for several
habitat types. Their estimates are based on

index and height-age data. Our site index
data supports Moir and Ludwig's site quality
estimates for Douglas-fir in the PIEN/SECA
site

(high
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'

potential),

PIEN/EREX and PIPU/
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BE RE

(usually
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Our
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moderate potential) habitat
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WINTERING MULE DEER PREFERENCE
FOR 21 ACCESSIONS OF BIG SAGEBRUSH
Bruce

Abstract.

L.

— Wintering mule deer showed

Welch and

Durant McArthur'

E.

browsing preference among 21 accessions of big sagebrush

differential

(Artemisia tridentata) grown on gardens on three different mule deer herd ranges. The Hobble Creek accession of big
sagebrush was significantly preferred over the other 20 accessions across all three sites and for all three years.
Accessional preference means for the study period for all sites combined ranged from 28.3 to 57.5%. The data collected

support the planned release of the Hobble Creek accession as a superior cultivar of big sagebrush for use on mule deer
winter ranges. Plant coumarin content was primarily under genetic control, but site factors also had an effect. Assay for
coumarin compounds is useful in determining subspecies of A. tridentata but not for precise prediction of mule deer

browsing preference.

During in vivo digestion trials Smith (1950)
observed that mule deer showed definite
sagebrush
big
individual
to
aversion
{Artemisia tridentata) plants. Since then several field workers have observed differential
preference of wintering mule deer not only for
individual plants but also for populations of
big sagebrush (Plummer et al. 1968, Winward
1970,

Brunner 1972,

Hanks

Stevens and McArthur 1974,
Tisdale 1977,

McArthur et

al.

et

al.

1973,

Winward and

1979, Willms et

We reported (Welch et al.

1981) that
wintering mule deer showed differential preference for 10 accessions of big sagebrush
grown on a uniform garden. This study is an
effort to include 11 more accessions (21 total),
different sites, different mule deer herds, and
the role of coumarin compounds in the preference of wintering mule deer for accessions of
big sagebrush. Coumarin compounds have
been shown to be positively correlated with
mule deer preference of some sagebrush taxa
(Stevens and McArthur 1974).
al.

1979).

Materials and Methods
outplanting sites were selected
within the elevational range of most Utah
mule deer winter ranges (1,370-2,140 m):
Springville, Utah; 3 km east of Nephi, Utah
(Salt Creek Canyon); and 15 km west/southwest of Helper, Utah (Gordon Creek Wildlife

The
Grove

series (Pleasant

6-10%
drained,

is

a basin big

of the Pleasant

of

gravelly or cobbley

deep,
soils,

wellalluvial

Weathered limestone

terial. Soil

permeability

is

The Salt Creek Canyon site (1,676 m) is a
basin big sagebrush habitat type. Soil is a
Rofiss gravelly clay loam 4-15% slope. It is a
deep, well-drained alluvial soil. Parent material is Arpien shale. Soil permeability is moderately slow. Effective rooting depth

or more. Soil

pH

is

1.5

m

ranges from 8.2 to 8.6. Aver-

age annual precipitation is 20-35 cm. The
mean annual temperature is 7.2-8.3 C, and
the frost-free period is 100-120 days (Soil
Conservation Service 1980).

The Gordon Creek
130 m,

is

habitat type. Soil

is

Area, at

2,

a very fine sandy

a

Wildlife

Management

Wyoming big sagebrush

of the Atrac series (Atrac

loam 1-6%

is

slopes). This

well-drained soils.
sandstone. Effective rootor more. Soil pH ranges

series consists of deep,

Parent material
ing depth

Area).

m

Grove gravelly loam,

consisting

slope),

is

is the parent mamoderately rapid.
Roots can penetrate to a depth of 1.5 m or
more. About 9 cm of available water is held by
this soil to a depth of 1.5 m. Soil pH ranges
from 7.4 to 7.9. Average annual precipitation
is 35-45 cm. The mean annual temperature is
8.9-11.1 C, and the frost-free period is
150-170 days (Swenson et al. 1972).

fans.

Three

Management

Springville site at 1,402

sagebrush habitat type. Soil

is

1.5

is

m

'intermountain Research Station, Shrub Sciences Laboratory. 735 North 500 East, Provo. Utah 84601. The use of trade, linn, or corporation names in this
paper is for the information and convenience of the reader. Such use does not constitute an official endorsement or approval by the U.S. Department of
Agriculture of any product or service to the exclusion of others that

may be

suitable.
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Locations of collection sites for 21 accessions of big sagebrush (Ai-tcmisia tridcntata

)

used

in this

study

to

determine wintering mule deer preference.
Subs

Accession

Countv and

Colton
Sardine Canyon

Utah, Utah

Cache, Utah

L800

Benmore

Tooele, Utah

Petty Bishop's Log
Durkee Springs

Sanpete, Utah

1,900
2,380
2,270
2,350
2,130
1,850
2,140
1,500

Utah
Utah
Sevier, Utah
Washington, Utah
Beaver, Utah
Utah, Utah
Sevier,

Indian Peaks

Hobble Creek

wyommgensis

2,260

Sevier,

Canyon
Clear Creek Canyon
Pinto Canyon
Salina

trident ata

Elevation (m)

state

Clear Creek Canyon
Brush Creek

Sevier,

Loa

Wayne, Utah

Dove Creek

Dolores, Colorado

Evanston
Wingate Mesa

Uinta,

Utah

1,720

Uintah, Utah

1,830
2,140
2,070
2,020
2,060
1,700

Wyoming

Dog Valley

San Juan, Utah
Juab, Utah

Evanston
Kaibab

Coconino, Arizona

Uinta,

Wyoming

2,130
2,340
1,400
1,540

Humboldt, Nevada
Beaver, Utah

Trough Springs
Milford

mean

from 6.6 to 8.0. Average annual precipitation
is 30.5-35.6 cm. The mean annual temperature is 7.2-8.3 C, and the frost-free period is
100-120 days (Soil Conservation Service

of 4% for this method. Data were expressed as

1981).

percentage used (preference).

At each site the vegetation was killed by
disking and kept weed free by hand and mechanical means. Deer-proof fences were built
around each site. We planted each site in
spring 1978 with containerized stock of 21
accessions of big sagebrush (Table 1). Each
accession was represented by 10 plants, and
each plant was an experimental unit within
the accessions. The resulting 210 plants in
each set were placed at random on a 3 x 3 m
grid for each site. Table 1 lists the locations of
seed collection sites for the accessions.
We measured the preference for the accessions by randomly selecting 15 annual leaders
per plant through the entire crown and measuring them to the nearest centimeter in
November 1980, 1981, and 1982. These measurements were used to calculate a mean annual leader length per plant before browsing.

We remeasured plants using

15 randomly se-

leader length before browsing, multi-

plying by 100,

Welch

et

al.

and subtracting from

100.

(1981) reported a precision error

Ultraviolet visable, fluorescent, water-sol-

uble coumarin compounds (principally isoscopoletin, scopoletin,

and esculetin) were mea-

sured by placing leaf fragments from single
leaves (5 samples/plant) of approximately 1 mg
size in water in cuvettes (McArthur et al.
1981). We used 1 mg leaf material/0.3 ml water up to 10 mg leaf material/sample. After 90
minutes equilibration time, spectrophotometric readings (percent transmittance) were
made at 364 nm in a Bausch and Lomb Spectronic 700 spectrophotometer. Leaves for
coumarin analysis were collected at the time
of the 1983 preference measurements.
The three subspecies of big sagebrush, A. t.
ssp. tridentata, vaseyana, and wyomingeiisis
were represented in this study. Of the 21
accessions, 10 were vaseyana, 7 were tridentata and 4 were wyomingensis This gave the
capability of testing for subspecies effects on
,

.

lected leaders during April 1981, 1982, and

preference.

1983 and calculated a mean annual leader
length after browsing. Percentage used or
preference was calculated by dividing the
mean leader length after browsing l)y the

Analyses were performed using the SPSS"
package (SPSS Inc., 1983). We used
analysis of variance techni(iues, StudentNewman-Keids multiple range mean comstatistical

Welch, McArthur: Mule Deer

April 1986

Table

Effects of subspecies, site,

2.

(Aiicmisia tridcntata

A.

t.

).

Data expressed

ssp. tridentata
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and year on preference of wintering mule deer for accessions of big sagebrush
percent of current year's growth eaten (3 years, 630 plants, three gardens).

as

Preference for subspecies
A. t. ssp. wyomingensis

32.6"*

A.

35.3''

t.

ssp.

44.

due to site
Gordon Creek

vaseyana

r

Effects
Salt

Creek

30.4'*

Springville
50.2^

35.0''

Effects

1980
3L6'*
Mt'.iiis sharing the

T.'iiBLE 3.

same superscript

are not significantly different at the

due

to vears

1981

1982

41.7''

42.4''

5%

level.

Preference of wintering mule deer for accessions of big sagebrush {Artemisia tridentata ) grown on different

gardens. Data expressed as a percent of current year's growth eaten. Data points for gardens represent a three-year

mean.

Garden

Gordon Creek
Evanston

(t)**

Salt

Creek

Springvilk

Mean
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Table

4.

Analysis of variance of

amount of coumarin by subspecies and

Vol. 46, No. 2
effects

due

to site.

Data are presented

as

percent transmittance (364 mm)*.

Amount
A.

t.

of coumarin by subspecies^*

A.

ssp. tridentata
61.9'**

t.

ssp.

wyomingensis

A.

54.7''

t.

ssp.

vaseyana

2,1.

due to site**
Gordon Creek

r

Effects
Salt Creek
43.6^**'
'Percent transmittance

is

an inverse function of coumarin content.

**Means sharing the same superscript are not significantly different at the 5% level.
**Springville site differences were compounded by disproportionate mortality of ssp. laseyana

Tables. Linear regression comparisons of mean prefe

Number ot
Comparison

Springville
57.9^

48.6''

prior to 1983 at that site.

and percent transmittance values.
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Table

6.

Percent transmittance

at

364

nm by accession and

site.

Mean

preference*
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also given.
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1973. Chromatographic characteristics

Unpublished data on file, Gordon Creek
Survey Area, Utah. Price, UT: USDA, Soil
Conservation Service.
SPSS iNC 1983. A complete guide to SPSS' language and
operations. McGraw-Hill Book Co., New York.
806 pp.

and phylogenetic relationships Artemisia section
Tridentatae USDA For. Serv. Intermt. For. and
Range Expt. Stn. Res. Pap. INT-141. 24 pp.

Stevens, R and E. D McArthur. 1974. A simple field
technique for identification of some sagebrush
ta.\a. J. Range Manage. 27: 325-326.

D., A C Blauer, A P Plummer, and R.
Stevens 1979. Characteristics and hybridization
ofimportantintermountain shrubs. III. Sunflower
family. USDA Forest Serv. Res. Pap. INT-220. 82

SwENSON, J L Jr
M Archer. K. M. Donaldson, J J
Shiozak, B Broderick, and L. Woodward. 1972.
Survey
Utah
Soil
of
County, Utah central part.
Provo, UT: USDA, Soil Conservation Service.
Welch, B. L., and E D McArthur. 1979. Feasibility of

1981.
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COLEOPTERA OF THE IDAHO NATIONAL ENGINEERING LABORATORY:
AN ANNOTATED CHECKLIST
Michael

P. Stafford",

William F. Barr" and James B. Johnson"

—

AbstR'VCT.
An insect survey was conducted on the Idaho National Engineering Laboratory during the summers of
1981-1983. This site is on the Snake River Plains in southeastern Idaho. Presented here is an annotated checkUst of the
Coleoptera collected. Successful collecting methods, dates of adult occurrence, and relative abundance are given for
each species. Relevant biological information is also presented for some species.

The Idaho National Engineering Labora(INEL) was designated an Environmen-

tory
tal

Because of the
studies on the
time, there is a need for an

Research Park

increased

INEL

in

1975.

number of ecological

since this

entomofaunal list for this area. This information will be valuable to many biologists since
insects interact with many other organisms,
e.g., plants as pollinators and herbivores or
vertebrates as food and parasites. Therefore,
an insect survey was conducted on the INEL
during the summers of 1981-1983. The objectives of this survey were to document the
taxonomic composition of the insect fauna and
the seasonal occurrence, relative abundance,
and host information for the insect species
present.

Several arthropod surveys were conducted
on the INEL, formerly known as the National
Reactor Testing Station, under the auspices of

Brigham Young University. Allred (1968)

re-

ported seven species of ticks from a variety of
hosts. Forty-two species of spiders were collected in a pitfall trap survey (Allred 1969).
Allred and Cole (1971) published a checklist of
22 species of ants, and Allred and Muma
(1971) listed the solpugid species found on the
INEL. Allred (1973) reported the occurrence
of scorpions. Although these studies provide
valuable information on the ant and arachnid
faunae, information on other insect ta.\a is
lacking.

Study Area

The INEL

is

on the Upper Snake River
and Lemhi

Plains at the base of the Lost River

Eig. 1. Location and detail of the Idaho National Engineering Laboratory.

Mountain Ranges

The topography

in southeast

is flat

Idaho

(Fig.

to gently rolling;

I).

mean

is 1,490 m. Soils are generally aeosandy loams and loess and classified as
Aridisols (McBride et al. 1978), with scattered
lava outcroppings. The vegetation is dominated by big sagebrush {Artemisia tridentata
Nutt.) Other conspicuous shrubs include
green rabbitbrush (Chrijsothamnus viscidifloris [Hook.] Nutt.), gray rabbitbrush (C.
nauseosus [Pall.] Britt.), gray horsebrush {Tetradymia canescens D.C.), and winter fat

elevation
lian

Published with the approval of the director of the Idaho .Agriculture Station as Research Paper 85724.
Soil and Entomological Sciences, University of Idaho, Moscow, Idaho 83843.

^Department of Plant,

287

Great Basin Natur.\list

288
(Ceratoides lanata [Piirsh]

J.

T. Howell).

The

dominant grasses are bluebunch wheatgrass
(Agropyron spicatum [Pursh] S. & S.), Indian

&

ricegrass {Orijzopsis hijmenoides [R.

&

Frem.]

Wats.) and saltsage (A. nuttalii Wats.). In depressions prone to flooding are stands of Great
Basin wildrye (Elyjyms cinereus Scribn. &
Merrifl). E.xtensive stands of Utah juniper
{Juniperus osteospenna [Ton.] Little) occur
on the foothills of the surrounding mountains.
Harniss and West (1973) described the vegetation patterns

and presented

of the vegetation found on the

and Holte (1978)

a detailed

listed the plant species

we

is

an annotated checklist of

collected in approximately

ecological studies in semiarid regions of the

West, particularly in the Great Basin and
Snake River Plains. The placement of family
names follows A Catalog of the Coleoptera of
America North of Mexico (Kingsolver 1979).
Genus and species names are arranged in alphabetical order. Determinations, except as
noted in the acknowledgments, were made by
the authors and Paul J. Johnson (also at the
Universitv of Idaho) using published kevs,
e.g. Arnett (1963) and Hatch (1953-1973), and
the University of Idaho insect collection as
reference material. Following each species
are the collecting methods, dates of occurrence, and abundance. Biological information
is presented for some species. Voucher specimens are housed in the William F. Barr Ento-

Museum at

PE =

WP =

Plant Examination;

Windowpane

Trap.

Abundances

U = Uncommon,

the University of Idaho.

Gollecting Methods

BF = Berlese Funnel; GC ^ General Collecting; LT = Light Trap; MT = Malaise Trap;

1-15 specimens;

C = Com-

mon, 16-50 specimens; A = Abundant, 51 +
specimens.
The assignment of the abundance rating is
subjective. It is based upon both the number
of specimens collected and on personal observations. Because of population fluctuations we
have observed over the years, these ratings
may not always be indicative of the abundance
of a species in that particular year. Also, the
collecting

methods employed may not always
abundance of a species.

reflect the relative

Coleoptera Checklist

found

800 man-hours of collecting during this survey
and previous collecting efforts on the INEL
over the last 25 years by one of us (WFB). The
list includes 214 species in 29 families, making
it the most extensive faunal list yet published
for the INEL. This information should be useful for those undertaking entomological and

mological

Net;

Trap;

Relative

map

Results
Presented here

Pitfall

INEL. Jeppson

in the area.

the Coleoptera

= Sweep

PF =

S.]

bottlebrush squirreltail {Sitanion
hystrix [Nutt.] J. B. Smith), and needle-andthread {Stipa comata Trin. & Rupr.). The
more alkaline areas are dominated by shadRicker),

scale {Atriplex confertifola [Torr.

SW
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Carabidae

Agonum balesi Gray: PF; May, Jun; U.
Agonum placidiim (Say): LT; Jul; U.
Amara apricaria Paykull: LT; Jul; U.
Amara impuncticollis Say: PF; Jul; U.
Amara laticollis LeConte: LT; Jul; U.
Amara miisculus Say: PF; Jun, Jul; U.
Amara sp. (poss. quenseli Schonherr): PF; Jul;
U.

Axinopalpus hiplagiatus (Dejean): PF,
Jul;

WP;

U.

Bembidion immaculosum Hatch: LT, PF; Jul,
Aug; U.
Bembidion nebraskense LeConte: LT; Aug;
U.

Bembidion obscurelhim Motschulsky: LT;
Jul, Aug; A.
Bembidion rupicola Kirby: LT; Aug; U.
Bembidion timidum LeConte: LT; Aug; U.
Calosoma luxatmn Say: PF; May-Jul; U.
Cicindela decemnotata Sav: PF, GC; MavAug; U.
Cymindis planipcnnis LeConte: PF; JunAug; U.
Harpalus amptitatu.s Si\\: PF; May; U.
Harpalus basilaris Kirby: PF; Jun; U.
Harpalus fraternus LeConte: LT, PF; Jun,
Jul; U.
Lebia vittata (Fabricius):

WP; May-Jul;

U.

Microlestes nigrinus (Mannerheim): PF; Jun,
Jul; U.
Philophuga viridis Dejean: PF, PE; May-Jul; U.

Larva obserxed feeding on larva of the
sagebrush defoliator, Aroga websteri Clark,
(Lepidoptera: Gelechidae), on A. tridentata.
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Piosoma setosa LeConte: PF,
U.

289

:

WP;

Jun, Jul;

New state record.

Serica barri

Trox

Pseudomorpha behrensi Horn: PF;

Jul,

sp.:

Dawson: LT, PF;

Jul; A.

LT; Jun; U.

U.

Leiodidae

Dytiscidae

Laccophilus decipiens LeConte: LT; Aug; U.

Hydnobius sp.: LT, PF; Jun, Jul; U.
Ptomophagus californicus (LeConte): PF;

Jul;

U.

Hydrophilidae
Silphidae

Berosus fraternus LeConte: LT; Jul; U.
Berosus stylifertis Horn: LT; Jul, Aug; U.
Cercyon quisquiliiis (Linnaeus): LT; Jul; U.
Heloplionis sp.: LT; Jul, Aug; U.
Sphaehdium scarabaeoides (Linnaeus): PF;
Jun- Aug; U.
Histeridae
Psiloscelis corrosa

Casey:

WP;

Jun; U.

New

state record.

Saprinus lugens Erichson: GC; May; U.
Saprinus oregonensis LeConte: PF; Jun, Jul;
U.
Xerosaprinus acilinea (Marseul): PF; Jun, Jul;
U.
Xerosaprinus lubricus (LeConte): PF; JunAug; C.

Aphodius denticidatus Haldeman: LT, PF;
May-Jul; U.
Aphodius distinctus Miiller: PF; May; U.

GC;

U.
Aphodius hirsutus Brown: PF; May; U.
Aphodius granarius (Linnaeus): PF; Jun; U.
Aphodius vittatus Say: PF; Jul; U.
Aphodius sp. (poss. militaris LeConte): PF,
WP; May; U.
Boreocanthon simplex (LeConte): PF; May;
U.
C remastocheihis crinitus bifoviatus Van
Dyke:PF, GC; Jun, Jul; U.
Dichelonyx truncata LeConte: GC; Jun, Jul;
C.
Diplotaxis haydenii LeConte: GC, LT, WP;
Jun, Jul; U.
Jul;

Diplotaxis obscura LeConte: PF;

May-Aug;

C.
Diplotaxis subangulata LeConte: LT,
Jul;

WP; May-

Staphylinidae

Anotylus sp.: LT; Aug; U.
Bledius strenuus Casey: LT; Jul; U.
Philonthus concinnus (Grcivenhorst): PF; May;
U.
Philonthus cruentatus (Gmelin): PF; May; U.
Platystethus americanus (Erichson): LT; Aug;
U.
Tachinus angustatus Horn: WP; Jun; U.

Pselaphidae
Pilopius sp.:

GC; May; U.
Heteroceridae

Lanternarius brunneus (Melsheimer):
Jun; U.

Scarabaeidae

Ap/iot/ius/ossor (Linnaeus):

Nicrophorus hecate Bland; PF,
Aug; C.

WP;

U.

Glaresis canadensis Brown: PF; Jun-Aug; C.

Ochodaeus simplex LeConte: LT, WP; Jul, U.
Paracotalpa granicollis (Haldeman): GC; Jul;
U.
Serica anthracina LeConte: GC, PF; Jun; U.

LT;

Buprestidae

Acmaeodera itnmaculata Horn: GC, PE;
C. Larvae bore roots of C. lanata

,

Jul;

adults on

Haw.
GC, PE; Jul-Aug; U.

flowers oiOpuntia polyacantha

Agrilus politus (Say):

Larvae bore Salix spp.
Agrilus pubifrons Fisher: GC, PE, SW; Jul,
Aug; C. Larvae bore roots and adults feed in
the flowers of C. viscidifloris.
Agrilus walsinghami Crotch: GC, PE; Aug;
U. Larvae bore roots of C. nauseosus.
Anthaxia retifer LeConte: GC, PE; May; U.

Adults on flowers of Balsamorhiza sagittata
(Pursh) Nutt.

Chrysobothris deleta LeConte: GC, PE; Aug;
U. Larvae bore roots of A. tridentata.
Chrysobothris horyiingi Barr: GC, PE; May;
U. Larvae bore roots o{ Eriogonum spp.
Chrysobothris idahoensis Barr: GC, PE; JunAug; U. Larvae bore roots of Eriogonum spp.
Chrysobothris texana LeConte: GC, PE;
Jun-Aug; C. Larvae bore branches of/, osteosperma.

Nanntdaria brunneata (Knull): GC, PE;
Larvae bore roots of Eriogonum sp.

Jul;

U.
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Nitidulidae

Elateridae

Ainpedus ursinus (Van Dyke): PF; Jun; U.
Anchastus cinereipennis (Ecshscholtz): PF;
May-Jul; C. Adults associated with E.
cinereus.

Cardiophorus

sp. 1:

BF, PF; Mar, May, Jun;

sp. 2:

sp. 3:

PF; May, Jun; U.
GC, PF; May, Jun; U.

sp. 4:

WP;

sp. 5:

BF, PF,

Brachypterolous pulicahus (Linnaeus):

Carpophilus pallipennis (Say): GC, PE, WP;
Jun-Aug; C. Adults feed on pollen in flowers of O. polyacantha.

U.

Cardiophorus
Cardiophorus
Cardiophorus
Cardiophorus

Jun; U.

WP; Mar, Mav;

U.
Ctenicera noxia (Hyslop); PF; May, Jun; U.
Ctenicera semivittata (Say): GC; May; U.
Hypolithus bicolor (Eschschohz): PF; Jul; U.

Phalacridae

Olibrus rufipes LeConte: GC, PE; Aug; C.
Adults feed on pollen in flowers of C. viscidifloris.

Phalacrus penicillatus Say: GC, PE,
Adults associated with E. cinereus.

Malthodes

sp.:

SW;

U.

Coccinellidae

Brachyacantha dentipcs
Cantharidae

WP;

Juh'u.

socialis Casev:

GC;

Aug;U.
utcella Casev: GC,
SW;Jun, Jul;U.
Brumus septcntrionus Weise: GC; Jun-Aug;

Brachyacantha ursina

GC; May, U.
Dermestidae

U.

Dermestes marmoratus Say: GC, LT;
Aug; C.

Jul,

difficilis Crotch: WP; May, Jun; U.
Coccinella novemnotata degener Casey: SW;

Coccinella

Aug; U.
Cleridae

Coccinella prolongata Crotch:

Enoclerus acerhus Wolcott: GC, PF, WP;
May-Jul; C.
Enoclerus barri Knull: GC; Jul, Aug; U.
PhyUobaenus sp.: GC, PE, SW, WP; JunAug; C. Adults often found on A. tridentata
preying on small Lepidoptera larvae.
Trichodes ornatus Say: WP; Jul; U.

Melyridae

Coccinella

WP;

transversoguttata

Jun; U.
richardsoni

Brown: GC, LT; May-Aug; U.
Hippodamia apicalis Casey: GC, SW,
Jun-Aug; A.
Guerin:
Hippodamia
convergens
May-Aug; U.
Hippodamia glacialis lecontci Mulsant:

WP
SW

WP

Aug; U.

Hippodamia quinquesignata Kirbv: GC; May
U.

WP; Mav-Jul; A.
Attahis glab reikis Fall: GC, WP; May-Jul; C.
Attalus morulus smithi Hopping: GC, SW;

Amecoceris spp.: BF, PF,

May, Jun; U. Adults associated with E.

tibialis (Say)

LT; Aug; A.
Hyperaspidius hercules Belicek:

GC, PE, PF;

Jun,
Jul; C. Adults feed on pollen in flowers of O.

polyacantha.
Collops bipunctatus (Say): PE, SW; Jul; U.
Adults feed on pollen of £. cinereus.
Collops bridgeri Tanner: GC, PF; Mav-Jul;
U.
Collops hirtellus LeConte: SW; Jun; U.
Collops punctidatus LeConte: PF, WP; U.
Dasytellus sp.: PF, WP; Jul; C.
Hoppingiana nitida Hatch: WP; Jul; U.
Trichochrous spp.: GC, PE, WP; C. Adults
feed on pollen in flowers of O. polyacantha.

PF,

WP

Jun-Aug; U.
Hyperaspidius vittigera LeConte:

cinereus.

Attalus oregonensis Horn:

Hippodamia tredecimpunctata

WP; Aug

U.

Hyperaspis

lateralis

montanica Casev: MT,

SW, WP; May-Aug;

U.

Nephus sordidus (Horn): PF; Jun; U.
Scymnus caurinus Horn: SW; Jun; U.
Scymnus marginicollis Maniierheini:

WP; Jun-Aug;
Scynmus

PF,

U.

})ostj)ictus (]asey:

WP;

Jul;

U.

Lathridiidae

Melanoptlialma americana Mannerheim: BF;

May; U.
Melanopthalma

sp.:

SW;

Jul;

U.

.

.
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Tenebrionidae

Anthicidae

Alaudes sin^iilaris Horn: BF; Mar; U.
Araeoschizus airmeti Tanner: GC, PF; MayAug; U. Inquiline in the nests of the harvester
ant, Pogotuwiyrmex owhyheei Cole
Blapstimishani Boddy: PF, WP; May, Jun; U.
Blapstiniis substnatiis Champion: PF, WP;

Anthicus cervinus LaFerte: LT; Aug; U.
Anthicus fonnicarius LaFerte: PF; Jul; U.
Anthicus hastatus Casey: LT; Aug; U.
Notoxns serratiis LeConte: GC, PE, PF, WP;
May-Jul; C. Adults feed on pollen and developing seeds of £. cinereus.

May-Jul; C.
Coclocnemis punctatus LeConte: PF; Aug; U.
Coniontisobesa LeConte: PF; May, Jun; U.
Coniontissetosa Casey: BF, PF; Mar, Mav, Jun;
U.

Eleodes cordata Eschscholtz: PF; May-Aug; U.

Eleodes extricato cognata Haldemann: GC,
PF; May-Aug; A.
Eleodes hispilahhs connexa LeConte: PF;
May-Jul; U.
Eleodes nigrina LeConte: GC; Jul, Aug; U.
Eleodes ohsciira Say: PF; May-Aug; U.
Eleodes pilosa Horn: GC, PF; May-Aug; A.
Emhaphion elongatum Horn: PF; Mav-Jul;
U.
Helops californicus Mannerheim: PF; Mav,
Jun; U.
Helops convexiilus LeConte: BF; Mar; U.
Helops opacits LeConte: PF; May-Jul; U.
Melanastus ate r (LeConte): BF, PF, Mar, Jul;
U.
Oxygonodera hispidiila (Horn): PF; MavAug; C.
Sphaerkmtis muricata (Casey): PF; Jun; U.

Cerambycidae
Centrodera nevadica nevodico LeConte: LT,
PF, WP; Jul, Aug; C.
Cortodera barri Linsley & Chemsak: GC,
MT, PE, PF, WP; Jun;'u. Adults associated
with E. cinereus
Crossidius (iter LeConte: GC, PE; Aug, Sep;
U. Larvae bore roots of A. tridentata.
Crossidius coralinus LeConte: GC, PE; Aug;
U. Larvae bore roots and adults feed on
pollen of C. nauseosus.
Crossidius hirtipes allgeicahri LeConte: GC,
PE; Aug; U. Larvae bore roots and adults
feed on pollen of C. viscidifloris

C rossidius punctatus LeConte: GC, PE; Aug,
Sep; U. Larvae bore roots and adults feed
on pollen of C. nauseosus
Judolia gaurotoides Casey: GC, PF; May; U.
Mecas bicallosa Martin: PE; Jun; U. Larvae
bore roots of sagebrush.
Megacheuma brevipennis (LeConte): GC,
PE; Aug; C. Larvae bore roots of A. confertifolia, A. nuttali, and Sacrobatus vermiculatus (Hook.) Torr.

Alleculidae

Megasemum asperum

Mycetochara procera Casey: GC,
Jun;U.

WP; May,

Bruchidae

Oedemeridae
Oxacis hicolor (LeConte):

WP;

(LeConte): LT; Jul; U.
Prionus californicus Motschulsky: GC; Aug; U.

Acanthoscelides pauperculus (LeConte):
Jul;

U.

GC,

WP;Jun-Aug;U.

Mordellidae

Chrysomelidae

Mordellistena idahoensis Ray: PF; Jun; U.
Mordellistena sericans Fall; MT, WP; Jun,
Jul; U.

Altica sp.

:

GC;

Jun; U. Adults associated with

E. cinereus.

Epicauta immerita Walker: WP; Jun; U.
Epicauta piceiventris Maydell: WP; Jul; U.
Gnathium eremicola Macswain: GC, PE;
Aug; A. Adults feed on neetar in flowers of

Anisostena californica Van Dyke: GC; Aug;
LI. Adults associated with E. cinereus.
Brachycoryna montana (Horn): GC; Jul; U.
Chaetocnenia sp.: PF; Jun, Jul; U.
Crepidodera nana (Say): GC; Jun; U.
Cryptocephalus spurcus LeConte: GC, SW;
Jul; U. Adults and larvae feed on foliage of

C. viscidifloris.
Lytta viilnerata cooperi LeConte:
Aug; U.

Disonycha latifrons Schaeffer: PF, SW; MayAug; C. Larvae and adults feed on foliage of

Meloidae

Nemognatha

lutea

C. viscidifloris.

GC, PE;

LeConte: GC; Jun; U.

C. viscidifloris.

.
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Exenia conspersa (Mannerheim):
Aug; U.

SW;

Jul,

Glyptoscelis sp. (poss. arteniisiae Blake): PF,

SW, WP; May, Jun; U.
Monoxia consputa LeConte: PF, SW, WP;
May, Jun; U.
Monoxia pallida Blake: WP; Jul; U.
Monoxia puberula Blake: GC; Jul; U.
Pachybrachys caelatus LeGonte; PE, SW;
Jun- Aug; G. Feeds on foliage of C. viscidifloris.

Pachybrachys jacobyi Bowditch: GG; JunAug; U.
Phyllotreta albionica LeGonte: PF, SW;
May-Aug; G. Adults commonly found on
Descurania spp. and
wild mustards,
Schoenocrambe linifolia (Nutt.) Greene.
Pyrrhalta luteola (Miiller): GG; Jul; U.
Pyrrhalta nymphaeae (Linnaeus): GG; Jun;
U.
Saxinis saucia LeGonte: GG; Jul; U.
Scelolyperus nigrovirescens (Fall): GG; Jun;
U.
Stenopodius vandiizeei Blaisdell: GG; Jul; U.
Systena blanda (Melsheimer): GG; Jul; U.

Trirhabda

—

.

nitidicollis

LeGonte: GG, PE,

Jul;

G. Adults and larvae feed on C. nauseosus.

Anthribidae
Trigonorhiniis sp. (near annulatus Garr):
Jun, Jul; U.

WP;

Gurculionidae

Acmaegenius

granicollis

Van Dyke: GG; Jun;

U.

Anthonomtissp. I: GG, PE, SW; Jun-Aug; U.
Adults feed on foliage of C. viscidifloris.
Anthonomus sp. 2: GG, PE, SW; Jun-Aug; G.
Adults feed on foliage of C. viscidifloris
Apion sordidum Smith: PE, PF, SW, WP;
May-Jul; U. Inquiline in tephritid and cecidomyiid galls on A. tridentata.
Brachyrhinus ovatus (Linnaeus): GG; JunAug; U.
Cleonus kirbyi Gasey: PF; May, Jun; U.
Cleonus quadrilineatus (Chevrolcii): PF; May,
Jun; U.

Cosmobaris americana Gasey: MT; Jun; U.
Dinocleus denticollis Gasey: PF; May, Jun; U.
Dyslobus alternatus Horn: PF; May-Aug; G.
Gyrotus sinuatus Hatch: PE; Jul; U. Larvae
bore in Arte7nisia stems.
Miloderoides maculatus VanDyke: PF; Jun,
Jul; U.
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Mynnex vittatus

(Horn):

GG;

Jul, aug;

U.

Ophryastes latirostris LeGonte: GG, PE; Jun;
U. Larvae and adults feed on foliage of C.
lanata.

Sitona hispidula (Fabricius): LT; Aug; U.
Smicronyx sp. PF; SW; Jun-Aug; U.
:

Sphenophorus

gentilis

SW; May-Jul;

LeGonte: PE,

PF,

A. Adults feed on developing

seed heads of£. cinereus
Trachyphloeni sp. (undescribed genus): PF;
Jul, Aug; U.
Tychius tectus LeGonte: PF; June; U.
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MICROHABITAT AFFINITIES OF GAMBEL OAK SEEDLINGS
Ronald

P.

Neilson' "and L. H. Wullstein'

— Previous work suggested

that Gambel oak seedlings are rare in the northern parts of its range in Utah
low but should be abundant in southern parts of the range where summer rainfall is
usually high. Gambel oak grades from a relatively minor component of a ponderosa pine/mixed conifer assemblage in
the south to a virtually monotypic formation in the north, where it exists as long-lived clones.
Quadrat analysis in Arizona and New Mexico, within the oak zone, revealed a seedling density ranging from 120 to
1320 per hectare. We found a significant tendency of seedlings to be located on the NE (cool, shady) side of sheltering
objects in the environment. Mature ponderosa pine ranged in density from ca 40 to 500 stems per hectare, whereas
mature Gambel oak ranged from ca 10 to 20 genets per hectare with ca 1 to 7 ramets per clone. These results support our
previous conclusion that Gambel oak in northern Utah probably became established as a minor component of a mixed
pine/oak woodland at a time in mid-Holocene when summer rainfall was much higher than today.

Abstract.

where summer

rainfall is relatively

Gambel oak {Quercus gambelii Nutt.), a
deciduous, white oak, is the domiuant oak of
the southern Rocky Mountain region. Its distribution is primarily encompassed by the
states of Utah, Colorado, Arizona, and New
Mexico. We previously demonstrated that the
northern limits of Gambel oak in Utah appear
to be constrained by the combined effects of
two distinct airmass gradients (Neilson and
Wullstein 1983). Probabilities of late spring
freeze as determined by the polar front gradi-

summer drought

determined by
the "Arizona Monsoon" gradient appear to covary during global warming and cooling
trends and appear to have synergistically produced a relatively sharp northern boundary
(Neilson and Wullstein 1983). At present,
ent and

as

Gambel oak is rare
northern part of its range (Neilson and
Wullstein 1983). Our transplant studies
(seeds and seedlings, Neilson and Wullstein
seedling establishment of
in the

mid-Holocene thermal maximum
would have been reduced (Neilson and Wullstein 1983). At that
time the shrub and tree community composiing

Gambel oak persists at its northern limits
today by virtue of rhizomatous, asexual reproduction (Neilson and Wullstein 1983). We believe that these oaks became established at
their northern limits through sexual reproduction and seed dispersal at some time dur-

limiting stresses

tion in northern Utah, near the northern limits

of distribution for this species, might have

where the species is capaand seedling establishment today. Near its northern limits today, where it reproduces asexually, Gambel
been

similar to that

ble of sexual reproduction

oak forms an essentially monotypic plant formation, or "mountain brush communit\'
(Ream 1963). In the southern part of its range,
where it reproduces sexually, Gambel oak is a
relatively

minor component of a mixed pine-

oak woodland. The purpose of this study is to
document the density of Gambel oak seedlings in regions of high summer rainfall, their
microhabitat aff^inities and the general canopy
composition of their associated plant communities.

1983) and physiological studies (Neilson and
Wullstein 1986) indicate that natural seedling

establishment may be expected to occur only
in the parts of the range where summer rains
are sufficient for seedling survival.

the

when

Methods
In

September 1979, 15

tablished in Arizona and
tain the density of

(quadrats

were

es-

New Mexico to ascer-

Gambel oak

seedlings in

various habitats. Excavation of root systems

revealed that seedlings can usually be distinguished from suckers on the basis of clustering. Suckers tend to occur in tight clusters,
while seedlings are widely dispersed. In many

Department of Geography, University of Utah, Salt Lake City, Utah 811 12
^Present address: University of Utah Research Institute. Salt Lake City, Ut.ili 84108
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was still attached to the
found that true seedlings

cases the spent acorn
seedling.

It

was

also

possessed a readily extractable, vertically oriented taproot, which exhibited well-defined
taper, whereas suckers were always attached
to a horizontally oriented rhizome within a

few cm of the surface, which exhibited little or
no taper. Thereafter, seedlings were distinguished from suckers by counting shoots that
exhibited isolation from other shoots by more
than two meters. In doubtful instances plants
w CMC examined for tap roots. All oaks less than
30 cm in crown height were arbitrarily classified as seedlings unless otherwise determined
to be suckers. Fourteen large seedlings were
collected at random for estimations of age and
taproot growth rates.

Of

the 15 quadrats, 13 were 0.1 ha and

sfjuare.

The remaining two quadrats were

0.04 and 0.05 ha, respectively, and roughly

The quadrat sites were chosen to reapparent extremes of habitat within an

square.
flect

area. In areas exhibiting little variation in to-

pography
staff),

(e.g.,

two

flat sites

south of Flag-

the quadrat placement was essentially

random. In areas of diverse topography, the
quadrats were chosen to encompass previous
seedling plantings (Neilson and Wullstein
1983), selected to reflect mesic and xeric extremes within the region.

Three quadrats were placed in each of two
sites on the Mogollon Rim south of
Flagstaff near the headwaters of Oak Creek
Canyon. Three contiguous quadrats on
Humphrey Peak (near Flagstaff", Arizona)
sampled a gradient from swale to ridge on an
east-facing slope. Three quadrats were established in the vicinity of Pinedale, Arizona, on
the Mogollon Rim. Two of these were on flats
separated by several kilometers. The third
was on a south-facing slope. There were no
previous plantings in this vicinity. Three
quadrats were placed in the Sandia Mountains
of New Mexico. Two of these were on east-facing ridges of differing moisture regime located
near Cold Spring Picnic Ground (see Table 1).
The third was on a southfacing slope. Latiflat

tude, longitude, elevation, slope, aspect, general

canopy composition and density were
summarized in Table 1.

noted. These data are

As the natural seedlings were counted, they
were marked with orange paint to eliminate
double counting and to insure a complete

GambelOak
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The location of each seedling was noted
with regard to surface drainage patterns,
whether it was sheltered or unsheltered from
the sun (by trees, shrubs or rocks), and, if
count.

sheltered,

its

compass orientation

(in

4 quad-

rants) with respect to the sheltering object.

Seedling distribution with regard to sheltering objects was analyzed with a Chi-square
test. In 3 of the 15 quadrats seedlings were

simply counted, since the canopy was essenseedlings in these quadrats were sheltered from the sun.

tially closed, i.e., all

Results

The general physical characteristics of the
15 quadrats are presented in Table 1. The
communities ranged from dominant ponderosa pine (Pinus ponderosa) to mixed
conifer communities. Gambel oak was usually
a relatively minor component. More complete descriptions of these communities may
be found in Layser and Schubert (1979).
The three contiguous quadrat sites on
Humphrey Peak (Table 1) were of low-density
ponderosa pine averaging 43 ± 35 pines/ha
with an average dbh of ca. 40 cm. Gambel oak
density on each quadrat was ca 20 genets/ha
with 1-2 stems per clone and an average dbh
of 17 cm/stem. These quadrats represent a
gradient from a swale to a neighboring ridge.
This is most evident by a combined increase in
Coioania sp. and Cercocarpus sp. from zero in
quadrat 1 to 8 in quadrat 2 and more than 100
in quadrat 3. Gambel oak seedling density was
relatively high (range 360-590) and without
apparent pattern along
mental gradient.

this

steep environ-

Quadrats 4-9 were located on the ffat
Mogollon Rim south of Flagstaff in mature
ponderosa pine forest averaging 350 ± 112
stems/ha with an average dbh (in each
quadrat) ranging from 31 to 46 cm. Mature oak
density was low in these quadrats, averaging
ca 10 genets/ha with 1-7 stems per clone and
an average dbh of ca 16 cm per stem. Seedling
density in these six quadrats ranged from 240
to 860 ha. Quadrat 9, which had the highest
seedling density (860/ha) of this group, was
flanked by five large oaks.
Quadrats 10-12 represent three distinct
habitats in the Pinedale area of the Mogollon
Rim, a south-facing slope (No. 12), a relatively
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Site characteristics for the 15 quadrats (redundant data are not repeated within a geographic region).

1.

Slope

Aspect

17°

S

80°

2

2.5°

3

N
N

70°

25°

7,5°

E
E
E

N
N

65°

E

E
E

Quadrat

Geographic

Latitude

Longitude

Elevation

number

region

(decimal)

(decimal)

(meters)

I

Humphrey Peak

.3.5.27

1U.6

2226

Flagstaff

4,5,6
7,8,9

Pinedale

10

.35.03

11L73

.35.00

111.67

.34.3

110.25

WHC

Canopy
species"

PIPO/QUGA
PIPO/QUGA
PIPO/QUGA
PIPO/QUGA
PIPO/QUGA
PIPO/QUGA

.32-88/45-60

0°

2165

40-90/.50-77

8°

II

Soil

1982
2012

4°

1982

20°

S

10°

2226

1,5°

S

80°

40-90/,50-77

W

4.5°

unknown

0°

PIPO/QUGA/

JUXX
12

PIPO/QUGA/

JUXX
Sandia Mountains

13

35.13

106.53

46-122/,58-65

PIPO/PIED/

JUXX/QUGA
14

10°

15

23°

35.15

2165

106..53

S

60°

S

30°

E

40-8,5/42-46

W

PIPO/PIED/

JUXX/QUGA
54-66/60-62

PIPO/PIED/

JUXX/QUGA
WHC

= Water Holding Capacity

(%).

A

range of water holding capacil

ported for the

soil

nd at a depth of 30

surface layt

cm

(Neilson and Wulls

1983).

^PIPO = Pinus ponderosa,

flat

QVGA

= Quercus f^ambelii

lowland area (No.

10),

and

.

PIED

Pimis edulis. ]VXS. - Junip,

a flat plateau

area. All three areas possessed a high density

of seedlings, with the plateau e.xhibiting the
greatest

number

had been

(1,080/ha).

artificially

All three areas

thinned, but

still

pos-

sessed a fairly dense canopy. Quadrats 10 and
12 were primarily mature ponderosa pine

with ca 500 stems/ha and an average dbh of 18
and 27 cm, respectively. Quadrat 11 was

mixed conifer/oak woodland.
Quadrats 13-15 in the Sandia Mountains,
New Mexico, were characterized by mixed
conifer forest with a Gambel oak component.
Quadrat 15, on a south-facing slope, was similar in seedling density to most other quadrats,
with 513 seedlings/ha. Quadrats 13 and 14
were on east-facing ridges. These quadrats
were of the same elevation and aspect and
were within 1 km of each other. Quadrat 14
was located on a primary ridge separating major drainage basins. It was at a lower angle
than No. 13 and contained more bare ground.
Quadrat 13, by contrast, was located on a
ridge within a major drainage basin, was at a
steeper angle, and contained less bare ground
than No. 14. By virtue of their close proximity, the two quadrats would be expected to
receive similar amounts of rainfall. Because of
its position as a drainage divide, the primary
input of moisture to Quadrat 14 was likely
limited to incident rainfall. Quadrat 13, however, received moisture from both rainfall and
runoff from the surrounding basin within

P

which it occurred. This was particularly evident from extensive rill development, which
was absent on Quadrat 14. Quadrat 13 possessed 1,320 seedlings/ha in contrast to 120
seedlings/ha in Quadrat 14.
Table 2 indicates the number of seedlings in
sheltered and unsheltered positions for each
of the quadrats. Quadrats 11, 13, and 15 were
too dense to allow judgements of sheltering.
Sixty percent (341/571) of the seedlings in 12

quadrats
15)

(i.e.,

excluding quadrats 11, 13, and
for their orientation with re-

were scored

gard to a sheltering object (Table

The

distribution

33.74,

P

«

is

significantly

.01) to the

Age estimates
seedlings (<30

NE

2, Fig.

skewed

(X"

1).

=

quadrant.

of 14 randomly collected

cm crown

height) ranged from
Regressions of root length
against root diameter indicated root taper
.06 to
.19 mm/cm (r" rangtxl
ranging from
from .81 to .99). Since these measurements
were obtained from broken taproots, total
root length was extrapolated from the regression equations and found to range from 40 to
114 cm. Root growth rates were estimated to
range from 2.7 to 11.4 cm/yr.

6 to 17 years.

Discussion
Several points are apparent from thes(>
Gambel oak seedlings are abun-

data. First,

dant and widely distributed in the southern
part of the range of this species and are rare in

April 1986

Table

2.

per quadrat.

Neilson. Wullstein:

Total seedlings (sheltered and unsheltered)

GambelOak
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region, was flanked

gesting

on the

by

five large oaks, sug-

some dependency of seedling density

local density of seed-bearing trees.

Since seedling density was found to be relathroughout the oak zone in the
southwest, why are mature oaks relatively
tively high

It may be that conifer
which are also abundant in these
forests, grow much more rapidly than the oaks
and gain dominance through competition for
light and moisture. Several oak seedlings (of
less than 30 cm stature) were aged on the basis
of taproot rings and were judged to be from 6
to 17 years old. By contrast, ponderosa pine
raised in several provenance gardens in the
Great Plains grew between 0. 7 and 3.9 m in 10

rare in these forests?

seedlings,

Vol. 46, No. 2

results support the hypothesis that

Gambel

northern Utah, existing today by asexual reproduction, was likely established as a

oak

in

relatively

minor component of a mixed pine/

oak woodland under a mid-Holocene climate
with more favorable summer moisture conditions in northern Utah than presently occur
(Cottam, Tucker, and Drobnick 1959, Neilson
and Wullstein 1983).
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years (Read 1983). Thus, overtopping of oak
seedlings by ponderosa pine seedlings may

competitively inhibit the growth of oaks.
Once past the establishment phase, the position of oaks in the landscape is apparently

independent of minor differences between
microhabitats. The density of mature oaks was
relatively uniform between all the quadrats,
which varied considerably in topography. The
ultimate fate of seedlings, once established
(i.e., taproot developed), is likely determined
by biotic factors, including competition with
pines and herbivory from insects and vertebrates (primarily rabbits and cows) (Neilson
and Wullstein 1983).
In conclusion, where Gambel oak is least
abundant in its geographic range, it is capable
of sexual reproduction, seed dispersal, and
seedling establishment. Conversely,

Gambel oak

most abundant

where

geographic range, near the northern limits, its
mode of reproduction is primarily asexual.
The establishment of Gambel oak seedlings is
dependent on consistent soil moisture, even
in areas

is

where summer

rainfall

is

in

its

high.

These
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FEEDING HABITS OF METAMORPHOSED AMBYSTOAM TIGRINUM
MELANOSTICTUM IN PONDS OF HIGH pH (> 9)
Brian T. Miller' and John H. Larsen,

"

Jr.'

Abstract —During the spring breeding season throughout the channeled scahlands of eastern Washington, metamorphosed male and female blotched tiger salamanders {Ambystoma tip,hmim mclanostictum) utilize oropharyngeal
suction to capture large quantities of small aquatic invertebrates. Stomach content analysis on salamanders from three
populations of this subspecies revealed that they consume the following taxa: Copepoda, Cladocera, Culicidae,
Aiiostraca, and Chironomidae. Although the amount of energy obtained by adults via in-water feeding was not
cak ulated, the large volume of aquatic invertebrate material flushed from salamander stomachs suggests that this
feeding strategy should add significantly to their total annual nutrient consumption.

Investigations on the feeding habits of Ambystoma tigrinum have centered primarily on

the diets of branchiate individuals. This ontogenetic stage, depending on individual size,
season, and locality, feeds daily on large quan-

of a variety of prey items (Olenick and

tities

Gee

Brophy 1980,'Dodson and Dodson
As a result of their secretive terrestrial
habits (Nussbaum et al. 1983, Smith 1961,
Sever and Dineen 1978) similar information
on diet and feeding for transformed individuals has been difficult to obtain. Reports on the
feeding habits of this developmental stage are
1981,

1971).

largely restricted to general accounts that

list

stomachs of 13 subadults collected in Dona
in February, and
Burger (1950) reported that the principal item
in the stomachs of adult A. t. nehidosiun was
the pond snail, Lijmnaea stagnalis. Sexually
mature, metamorphosed tiger salamanders
return to the ponds to breed. Egg deposition
typically occurs during late winter or early
spring (Semlitsch 1983, Hassinger et al. 1970,
Bishop 1943, Sever and Dineen 1978),
whereas migrations to the ponds occur during

Ana County, New Mexico,

autumn (Semlitsch 1983, Stine
Even though transformed
A. tigrinum may spend several months in the
spring and/or

1984, Smith 1961).

a variety of terrestrial invertebrates (most of-

water, they reportedly feed very

ten those accepted by captive salamanders) as
potential prey (Conant 1975, Nussbaum et al.

(Rose and Armentrout 1976, Stine 1984).
However, we found the stomachs of transformed male and female A. t. melanostictum,

1983, Johnson 1977, Smith 1961). Since some
metamorphosed A. t. melanostictum in central and eastern Washington remain in the

ponds

for considerable period of time as adults
during the breeding season or as subadults
immediately following transformation, such
individuals could utilize the abundant aquatic
invertebrate communities as an energy

collected from ponds in

In

numerous

locations larval A.

t.

Washington State

during the spring breeding season, often filled
with aquatic invertebrates. The following reports on in-pond feeding by breeding congregations of transformed A. t. melanostictum

and

source.

its

possible significance.

Materials and Methods

mavor-

tium metamorphose during late summer or
early fall and remain in the ponds throughout
the winter (Webb and Roueche 1971). The
extent to which these transformed individuals
feed during this period is unknown, but Webb
and Roueche (1971) found aquatic prey in the
stomachs of 13 subadults collected in the

little if at all

Transformed
tiger
salamanders
were
seined from three fish-free ponds in the channeled scablands of central and eastern Washington (14 April to 6 May 1984). This region is
network of scoured canyons and deep valleys

a

carved out of basalt bedrock and loess by the
Spokane flood of 20,000 years ago (Bretz

Department of Zoology, Washington State University, Pullman, Washington 99164-4220.
"Electron Microscopy Center, Washington State University, Pullman, Washington 99164-4210.
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1959). Thin soils characterize the scablands,
and the dominant vegetation is a sagebrush
{Artemesia )-w\\ea.tgra.ss (Agropyron) association (Daubenmire 1970). Nineteen salamanders were collected from a saline (300 mOs^),
alkaline (10.1 pH) pond in southern Grant
County, 11 km from an alkaline (10.1 pH)
pond of low salinity (<5 mOs„j in southern
Lincoln County, and 9 km from an ephemeral
pond in northernWhitman County. Following capture the specimens were immediately
immersed in an ice solution and returned to
the laboratory, where they were either anes-

thetized in 1:1000

MS222

or frozen to

-80

C.

Stomach contents were obtained from either
the anesthetized individuals using a flushing

method modified

after that of Legler and Sulfrom the excised stomachs of
the frozen animals. All stomach contents were

livan (1979) or

stored in

70%

ETOH until identified.

Results and Discussion
Thirty-six (92%) of the 39 transformed A. t.
melanostictum examined contained aquatic
invertebrates in their stomachs; material in
the remaining three individuals could not be
identified. No apparent differences in the percentage of stomachs containing food were detected between males and females from any of

the three populations.

The

structure of the

aquatic invertebrate communities varies from

pond

to

pond, and therefore the differences

in

the diets of these salamander populations reflect this factor.

The kinds

of prey utilized by this subspe-

cies in eastern
to

those

Washington ponds are similar

reported for various

larval

con-

(Brophy 1980, Dodson and Dodson
1981, Dineen 1955) and related larval congenerics (Branch and Altig, 1981). Although
the total number of food items per stomach
varied from 7 to 431 (x = 118), the most common prey eaten by salamanders inhabiting the
ponds included: Copepoda and Cladocera
(Lincoln County); Copepoda, Cladocera, and
Anostroca (Whitman County); and Chironomidae and Culicidae (Grant County) (Table
1). Although not quantified, these invertebrates also composed the largest stomach conspecifics

volume in the majority of water-collected
salamanders. Therefore, small acjuatic invertebrate taxa are responsible for the bulk of the
tent
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Table L Summary of stomach content analyses for
metamorphosed A. t. melanostictum from eastern and
central Washington ponds.
Percentage of stomachs containing taxon/

I
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Metamorphosed A.

t.

melanostictum appar-

DoDSON,

pH

ponds that readily support excommunities and contain few predatory fish (Tillett
1984). This strategy

is

best,

is,

at

petologica

are grateful to R. E. Herrington

and E. Johnson

J

NussBAUM,

24;

Bishop,

S.

A comparison of the food habits of
macrodactylum sigillatiim, Ammacrodactylum croceum, and Am-

194.3.

107-110.
D. Brodie, Jr

Amphibians and

,

and

Herpetologica

in

of salamanders,

Manitoba prairie pothole

Rose, F

Comstock

lakes.

Pacific

Canadian Field-

L.,

and D.

D Armentrout

1976.

New York. 5.5.5 pp.
B. Wake 1985. Feeding mecha-

nisms of lower tetrapods. Pages 230-261 in M.
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B. Wake, eds.. Functional vertebrate morphology. Belknap Press of Harvard University Press,
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NOTES ON THE SWAINSON'S HAWK IN CENTRAL UTAH: INSECTIVORY,
PREMIGRATORY AGGREGATIONS, AND KLEPTOPARASITISM
Neil D. Woffinden'

—

Abstract.
A premigratory flock of Swainson's Hawks numbering at least 213 individuals was observed during July
and August of 1984. Aerial feeding on grasshoppers was noted and kleptoparasitism was recorded between the
Swainson's Hawk and the American Kestrel.

Swainson's Hawk (Buteo swainsoni) inhabopen spaces such as plains, prairies, and
deserts. Prior to the turn of the century this
species was an abundant resident of several
western states (Bent 1937). A specimen was
collected in Utah's Wasatch Mountains as
early as 1868, and the species was reported as
a common nesting resident of Summit
County, Utah, in 1877 (Hayward et al. 1976).
Yet, Swainson's Hawk could not be considered abundant in central Utah today. For instance, during a 12-month Great Basin raptor
survey 1,275 individual raptors representing
12 species were sighted, yielding an average
of one sighting per every 10 km traveled. By
comparison, nearly 400 km were traversed
its

between

each

Swainson's

Hawk

sighting

and Murphy 1977a). Furthermore, only one nesting pair has been reported
for
Cedar Valley, Utah County, Utah
(40°00'N, 111°55' - 112°35'W) during the past
decade (Woffinden and Mosher 1979).
Cedar Valley, situated near the eastern
limit of the Great Basin, is characterized by
(WoflFinden

cold

typical

desert vegetative

(Shelford 1963).

Two

associations

small villages. Cedar

Fort and Fairfield, are located in the extensively cultivated northern portion of the valley.

Except

for

numerous black willows

(Salix

nigra ) associated with these communities, the
valley

is

devoid of large trees. The area sup-

ing a visit to the area on 6 August, and 59 were
observed on 16 August 1984. All the birds
were dark or rufous phase individuals (Brown
and Amadou 1968:585), and many had lost
flight and/or tail feathers. This unusual accumulation represents the largest flock of Swainson's Hawks ever reported for this portion of

the state.

Although the aggregation was apparently a
premigratory gathering, it was impossible to
determine accurate arrival and departure
dates.

However, a local resident stated that large
numbers of hawks first appeared near the
middle of July. Large flights of Swainson's
Hawks have been reported for several areas
throughout the United States (Bent 1937,
Cruickshank 1937, Fox 1956, Martin and
McEneaney 1984), but premigratory accumulations of the magnitude reported here have
rarely been recorded.
Swainson's Hawk is noted for its insectivorous diet (Bent 1937, Taylor 1946,
al.

1976).

For

instance,'

White

Hayward et

(1966) recov-

ered 230 crickets from a female collected on a
Kansas farm. However, the species consumes
a variety of other organisms, including mammals, birds, reptiles, amphibians, fish, crayfish, and beetles (Bent 1937, White 1966, Sexton and Marion 1974, Dunkle 1977, Bechard
1983). In spite of the early reports of insec-

mammals

community and has been
the site of a number of recent studies (Murphy

tivory, recent studies suggest that

al.
Smith and Murphy
1969,
WoflFinden and Murphy 1977b).

(Dunkle 1977, Fitzner 1977, Bechard 1980,

ports a sizable raptor
et

On 23 July

1973,

make up

the major portion of the hawk's diet

1983).

Hawks were

Twenty Swainson's Hawks were observed

observed immediately west of Fairfield. Subsequently, 213 individuals were counted dur-

soaring near Fairfield, Utah, on the afternoon

1

1984, 36 Swainson's

of Natural Sciences, University ol Pittsl)nrgh

at

of 23 July 1984.

John

302

An

additional 16 individuals

WOFFINDEN: SWAINSONS HaVVK
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were perched

group of nearby

303

trees.

Kestrel. After flushing the Kestrel from the

Swarms of grasshoppers {Melanoplus fermurnihrum) were observed in the area flying
from the ground or vegetation and ascending

they actively pursued it for several secIn response to the harassment, the
Kestrel dropped the prey it was holding. One
of the pursuing hawks caught the falling prey
before it reached the ground, only to be vigorously chased by the second. The prey was
dropped once more and fell to the ground.
Both hawks made a few cursory passes over
the site and then flew to nearby fence posts
where they remained perched during the duration of my visit. The Kestrel returned to the

to

in

a

considerable heights.

Soaring hawks were observed repeatedly
extending one or both feet to quickly snatch
ascending grasshoppers. All but four of the
perched birds joined the soaring flock during
tlie 15 minutes they were observed actively
feeding. By 1745 h the hawks had drifted out
of sight to the west, and only a few airborne
grasshoppers were still visible. This unique
feeding behavior corresponds exactly with an
account in Bent (1937:229). Similar Swainson's Hawk feeding behavior was noted during one other visit to the area.

Although the hawks were taking advantage
abundant food source, it is not known if
the grasshopper outbreak was responsible for
the unusual aggregation noted. Grasshoppers
were also abundant during the summer of
1972, but large groups of Swainson's Hawks
were not observed in the area at that time.
of an

The bulk

hawks were confined to the
were sighted during
searches throughout much of the remainder of
of the

Fairfield locale; only four

the valley.

Kleptoparasitism (interspecific food stealbeen reported for several
avian families (see Brockman and Barnard
ing or piracy) has

1979 for a review). Heredia and Clark (1984)
summarized the occurrence of this behavior

among

the raptors, including four buteonine

species as participants. Swainsons

Hawk was

excluded. Piracy involving this species and
the American Kestrel (Falco sparveriiis) is
reported here.

Approximately 34 Swainson's Hawks and 3
were observed in the immediate
vicinity of Fairfield on 16 August 1984. Several of the buteos were soaring; the remainder
were perched in trees, on fence posts, and on

line,

onds.

utility line.

Brockman and Barnard (1979) suggest that
continual raptor interactions at feeding areas

may promote

piracy.

the Swainson's

A

species of small
utility

line

Kestrel holding an

is

weeks, the possibility of previous interwas likely. Heredia and
Clark (1984) suggest that similar niche overlap
may have played a role in the piracy they
observed between the Black-shouldered Kite
(Elanus caendeiis leucurus) and White-tailed
Hawk (Buteo alhicaudatus). Although kleptoparasitism is a frequently observed avian behavior, it appears to occur opportunistically
and is probably not an important feeding strategv (Fuchs 1977, Maxson and Bernstein
eral

specific interactions

1982).
I thank Gary B. Jolley for field assistance.
D. M. McNair and M. Bechard commented
on an earlier draft. Financial support was
provided by the University of Pittsburgh at
Johnstown.
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TURKEY VULTURES DECLINE AT A TRADITIONAL ROOSTING

SITE

Daniel M. Taylor'

—

Abstract.
A population decline of about 50% from 1974 to 1981 for Turkey Vultures (Cathartes aura) was found at
roosting site at Malheur National Wildlife Refuge in Oregon. This decline may have been due to a
region-wide reduction in this species, to the possible but improbable formation of a new but undiscovered roost, or to a
rt'(hiction in feeding opportunities caused by the decreased use of the refuge by cattle.
a traditional

Concern has been expressed

in

some

re-

gions of the United States over population

:

j

:

dechnes of Turkey Vultures [Cathartes aura ),
resulting in the placement of this species on
the National Audubon Society s Blue List
twice since 1972 (Tate 1981). Vulture populations appear to be increasing in parts of the
east and decreasing in some areas of the west
(Tate and Tate 1982), but more quantitative
data are needed.
Brown (1976) analyzed winter population
trends for Turkey and Black Vultures {Coragijps atratus) from Christmas Bird Count
data from 1950 to 1973 for 16 eastern states,
Arizona, Texas, California, and the District of
Columbia. He found that Turkey Vultures
had declined steadily over this 24-year period
in

all

of these states except California.

He

attributed the exception of California to large
vulture populations from areas censused only
in

recent years.

Since at least 1935, Turkey Vultures have
traditionally roosted at the P Ranch Station at
the south end of Malheur National Wildlife
Refuge, Harney County, Oregon (Davis
1974). The vultures roost in a row of tall cottonwoods (Populus sp.) but use a metal observation tower for pre- and postroosting. They
can be accurately censused in both places.

In 1973 Davis (1974) censused the vultures at

P Ranch from

late spring to late summer and
found a mean of 104 birds per night (range
68-151: N = 28). There was some seasonal variation, with more birds in the spring and late summer. Her census periods from 21 May to 20 June
and 21 June to 20 July had high counts of 106 and
110, respectively. There was a mean of 90 birds
from seven counts during these periods.
Department of Biology, Idaho State University,

Pocatello, Idaho

At P ranch I made 16 censuses of Turkey
Vultures in 1981 from 23 May to 2 July and 22
counts in 1982 from 25 May to 7 July. In 1981
counted only the peak number of birds on the
tower, but the next year I also counted additional birds in the cotton woods. The mean in
1981 was 46.6 birds (range 35-54), and the
following year it was 54.0 (range 33-74) altogether, with 49.6 birds (range 33-69) on just
the tower. The means of these two years is
little more than half that of 1973, and there is
almost no overlap between the ranges of the
1973 counts and those of 1981 and 1982.
The only count between 1973 and 1981 that
I am aware of was one of 92 vultures on 1 July
1976, indicating populations were still comparatively high that year.
There are at least three possible reasons for
this population decrease. One is that there has
been an overall decrease of vultures in the
region. This would support Brown's earlier
findings (1976). Another possibility is the establishment of new roost sites, but no new
large roost sites are known in the area, which
receives considerable attention from amateur
bird watchers. A third explanation for this
population decrease is that it is a local decline
caused by the cutting back in the number of
cattle on the refuge, with a shift to greater
winter use. In 1972-73 Animal Unit Months
(AUMs) on the refuge were 126,593 (Malheur
National Wildlife Refuge, unpublished report). This has decreased to 45,000 AUMs in
1981 and 46,000 AUMs in 1982. Since vultures are known to scavenge dead cattle (Bent
1937, Burleigh 1972), the reduction of this
potential food source might be responsible for
the vulture decline.

83209 Present Address: 2903 Greenvale Place, Nampa, Idaho 83651
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Whatever the reason,

this
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BARN OWL DIET INCLUDES MAMMAL SPECIES NEW TO THE ISLAND FAUNA
OF THE GREAT SALT LAKE
Carl D. Marti'

— An investigation of the

Common Barn-owl (Tyto alba) on Antelope Island, Great Salt Lake,
prexionsK known to occur on any island in the Great Salt Lake (Microtus
inotttantis. Oiuhitra zihcthictis and a Sorex sp.). Two other species, known from other islands,
pcnnsylvanicus,
were added to the list of fauna of Antelope Island (Pcroiitiatlius parvus and Reithrodontomys megalotis). The barn owl
diet on Antelope Island was remarkably like that of barn owls feeding in farmlands adjacent to the Great Salt Lake
despite major vegetational differences.
Abstract.

Utah,

\

ielded ionr

mammal

diet of the

speeit's not

M

.

Relatively little collecting for small mammals has occurred on islands in the Great Salt
Lake, Utah; the remoteness of several islands
and private ownership of others have discouraged a thorough examination of their mammalian fauna. Bowers (1983) compiled a list of
nonvolant, native mammal species known to
occur on these islands from previously pub-

believe that nesting probably occurred in
1980 as well. Thus, the material consisted of
prey of pairs of owls and their young.
I

treated pellets with a sodium hydroxide

solution to dissolve hair and feathers.

were

identified

procedures (Marti 1974).

lished studies.

In this paper

mammal

four

I

on any island in the Great Salt Lake and add
two additional species to the list for Antelope
Island.
These mammals were identified
among prey remains in pellets of the Common

Barn-owl {Tyto alba nesting on Antelope IsBarn owls have taken certain small
mammals in several other localities before
mammalogists were aware of the existence of
)

land.

mammals

and Stickel
compare
the island diet with prey eaten by barn owls
feeding in farmlands adjacent to the Great Salt
the

1948,

Results and Discussion

document the occurrence of

species previously unreported

there

(e.g., Stickel

Twente and Baker

1951).

I

also

Lake.

Methods
Regurgitated pellets were collected from a
barn owl nest site at the Dooley Ranch on the
east-central shore of Antelope Island, Davis
County, Utah. The nest was in an abandoned
agricultural silo. Pellets were gathered once
or twice a year in spring or summer from 1980
through 1984. I documented nesting at the
collection site from 1981 through 1984 and

Bones
and quantified by standard

The barn owl

on Antelope Island was
elsewhere
(Wallace 1948, Glue 1967, Marti 1974), being
heavily dominated by mammalian prey
(98.4%, Table 1). Three rodents in the diet,
diet

tvpical of the foods of this species

meadow

vole

(Microtus

pennsylvanicus),

montane vole (M. montanus), and muskrat
{Ondatra zihethicus), had not previously
been known to occur on any island in the
Great Salt Lake, nor had shrews {Sorex sp.).
The shrews were most likely S. vagrans,
which occurs on the adjacent lake shore (Durrant 1952). The Great Basin pocket mouse
{Perognathus parvus) and the western harvest mouse (Reithrodontomys megalotis),
which also occurred in the owl diet, had not
been reported previously for Antelope Island
but were known from other islands in the
Great Salt Lake (Bowers 1983).
Even though little is known about small

mammal populations on

these islands, several

apparent anomalies existed between the owl
diet and probable prey abundance and distribution. The heavy domination by voles was
the most surprising aspect of the barn owl

'Department of Zoology, Weber State College, Ogden. Utah 84408.
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Norway

island.

the island,
habitation,

rats probably do not occur on
which has had very little human
but pocket gophers are found

cannot offer a satisfactory explanation
island barn owls did not appear to
capture gophers.
It is presumed that the Antelope Island
barn owls foraged entirely on the island and,
thus, that their diet reflected prey species
found there. I base this on investigations of
barn owl foraging ranges done elsewhere and
there.

of

I

why

on the tenets of central-place foraging theory.
Orians and Pearson (1979) contended that animals should reduce costs of obtaining food as

much

as possible.

One way

to

do

I

I

309

places. Dietary evidence indicated that the

owls concentrated their foraging efforts in
habitat suitable to voles in both localities. This
type of habitat is abundant and widespread in
the mainland study area but limited and concentrated on Antelope Island.
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this is to

forage close to the nest site (central place)

(

Owl Diet

and

reduce traveling time. For the Antelope Island barn owls this means foraging on the
island and not crossing over to the mainland to
hunt. Minimum distance from the island collection site (nest/roost) to the mainland was
more than 10 km during 1980-1984. Hegdal
and Blaskiewicz (1984) found a maximum distance from roost to hunting areas of 5.6 km in
radio-tagged barn owls.
Note that these comparisons are between
the diet from one collection site each year on
the island and 26-31 sites on the mainland.
The sample size from the mainland was much
larger (n = 41,453) and represented yearround prey data whereas the island sample
was mainly from late winter through summer.
Although these differences could affect comparisons between diets from the two sites, it
seems unlikely that they would cause major
misconceptions.
In conclusion, barn owls selected very similar prey on Antelope Island and in agricultural
lands adjacent to the Great Salt Lake despite
the very different vegetation in the two
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DISTRIBUTIONAL STUDY OF THE ZION SNAIL, PHYSA ZIONIS
ZION NATIONAL PARK, UTAH
David Ng'

'

and James

,

R. Barnes'

—

Abstract.
The major hanging gardens and associated water seeps in Zion National Park were surveyed for the
presence of the Zion Snail (Physa zionis). Environmental parameters, including water depth, water velocity, substrate
slope, and algal cover, were measured to determine their effect on the local distribution of the snail. Large populations
(densities 125 to 250/m") were found in the Virgin River Narrows area of the park and at a hanging garden and seep
located 1.0 km north of Scout Lookout. Densities in other localities were low in comparison. Snails were not found in all
hanging gardens or seeps. The major factor controlling within seep distribution was determined to be water velocity.
Experiments were conducted to test the ability of the snail to remain attached during differing water flows. The snail
showed an ability to remain attached during high flows, but few snails were found in areas of high flow.

The Zion

Physa (Petrophsa) zionis
to Zion National
Park, Washington County, Utah, is found in
water seeps and associated hanging gardens
on the canyon walls along the Virgin River
Narrows region of the park. The limpetlike
characteristics of P. zionis, a reduced shell
spire, enlarged last whorl, and large foot,
were reported as being adaptations for attachment on vertical surfaces of seeps (Pilshrv
1926, Chamberlain and Jones 1929). There is
no literature on the ecology or natural history
of the Zion Snail other than the mention of a
snail-algae association and the hypothesis that
P. zionis evolved from a common Physa type
Snail,

Pilsbry (1926), an

endemic

(Woodbury 1933, Talmadge 1970).
The puiposes of this study were:

(1) to

sur-

vey and determine the distribution and population density of the Zion Snail within Zion
National Park, (2) to determine the importance of specific habitat variables which may
limit snail distribution within seeps, and (3) to

hypothesis that the limpetlike morphological adaptations provide the snail with
greater substrate attachment abilities in the
seep environment.
test the

Study Area
Zion National Park, in southwestern Utah,
an area of sandstone formations cut by the
Virgin River and its tributaries. Seeps and
hanging gardens that offer suitable habitat for
is

in

the Zion Snail are found at the junction of the

Navajo and Kayenta sandstone layers. Seeps
when water percolating through
the porous Navajo layer contacts the impervious underlying Kayenta formation and flows
laterally to the canyon walls (Welsh and Toft
1981). The Navajo-Kayenta junction is at different elevations along the canyon wall in relaare formed

tion to the Virgin River. In the Main Canyon
area of the park, the river has cut the deepest

and seeps are forthest removed from the river.
In the Narrows the river is near the NavajoKayenta junction elevation, and many of the
seeps are close to the river. Malanson (1978,
and 1980) describes the plant communities for
some hanging gardens in the Narrows region.
Seeps in Zion National Park are located in

They are the Narrows, the
Gateway to the Narrows, and Main Canyon.
The Narrows, including Orderville Canyon, is
a narrow box canyon where vertical canyon
three regions.

walls form the channel of the Virgin River.

The canyon walls are less than 10
some areas. Seeps in the Narrows

m

apart in

are mainly

dripline and window-blind types
(Welsh and Toft 1981), though a few low alcoves have been carved out by the river. All
seeps have varying amounts of calcium carbonate precipitate and algae. A film of water
usually less than 1 mm in depth flows over the
vertical and horizontal surfaces. Clinging
herbaceous plants and mosses are common,
indicating the presence of relatively stable or

simple

Department of Zoology, Brigham Young University, Prove
Department of Zoology, University of Texas, Austin, Tt-xa'
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Table 3. Chi-square analysis of independence to determine the significance of water depth, water flow (velocity), substrate slope, and algal cover in determining
the distribution of the Zion Snail in the seep-spring area.
Variable

Depth*

df

Significance

Tablk

4.

Vol. 46, No. 2

Number of cjuadrats and occurrence

within various water depth and flow categories.

of snails

April

Table
Flow

(F)

Source

Ng. Barnes: Snail Ecology

1986
5.

Results of

and Slope

(S).

RUMMAGE ANOVA
(N = 262).

testing occurrence of snails with environmental variables

315
Depth

(D),

BLOCKAGE AND RECOVERY OF NITRIFICATION
TO ACETYLENE'
Steven

J.

IN SOILS

EXPOSED

Burns""^ and Richard E. Terry"

— Acetylene

gas is very useful in laboratory and in situ assay procedures for nitrogen fixation anc
concern, however, that measurements of denitrification may be underestimated because
nitrification, a major source of nitrate, is inhibited by CoHj. The objective of this study was to examine the effects oi
C2H2 partial pressure and length of exposure time on nitrification in soils. Acetylene partial pressures of 0. 1, 1.0, and

Abstract.

denitrification.

There

is

10.0 kPa were found to effectively inhibit nitrification in soil samples incubated in the laboratory. Both the partial
pressure of CjHj and the length of exposure time were found to affect the recovery time of nitrification in soil samples.
Nitrification recovered within seven days in samples exposed to 0. 1 and 1.0 kPa CoHo for only 24 hours. The recovery oi
nitrification in

samples exposed to 10.0kPaC2H2for24hoursortoO.

1

and 1.0 kPaC2H2 for 216 hours was delayed for an

additional seven davs, however.

Acetylene gas has been effectively used

in

laboratory and in situ techniques for the measurement of both nitrogen fixation and deni-

where NH4'^

is

used

as the starting point in deni-

trification studies or in

long-term experiments

trification.

where mineralization and subsequent nitrification could be expected to produce significant

tractive

nitrate.

The use of acetylene (C2H2) is atdue to the low cost and high
sensitivity of the procedures. For Ng fixation
studies, C2H2 is used to saturate enzymes responsible for fixation; in the process, C2H2 is
reduced to ethylene (C2H4). Ethylene can be
readily detected by gas chromatography and
N2 fixation rates estimated (Hardy et al. 1968,
Bergerson 1980). Acetylene has an inhibitory
on the bacterial enzymes that reduce
NoO to N2; therefore, C2H2 has been used in

effect

denitrification studies (Balderson et

Yoshinari et

al.

al.

1976,

1977). In the presence of C2H2

partial pressures greater than 0. 1 kPa,

N2O

is

the sole gaseous product of denitrification and
is

detectable by gas chromatography.

Concerns have been expressed about the
use of CjH, in denitrification studies, because
C2H2 has been found to be an effective nitrification inhibitor at a partial pressure of 0.01
kPa (Walter et al. 1979, Berg et al. 1982). In

some

situations denitrification

may be

measurements

affected by C2H2, because nitrificamajor source of NO3 is inhibited. This
is not a problem with short-term laboratory
incubations or experiments that involve the
addition of nitrate to the soil, but it may be
inappropriate to use acetylene in experiments
tion, a

,

Researchers have studied nitrification in the

presence of CH, partial pressures ranging from:
1,000 to 0.01 Pa "(Walter et al. 1979, Berg et al.
1982). The minimum effective partial pressure

was 10 Pa. However,
was found at 0. 1 Pa (Berg et al.

that inhibited nitrification
partial inhibition

These researchers reported that the inCoH. levels (1,000 to
10 Pa) ceased within 7 to 10 davs of removal of
1982).

hibitory effects of the low

CoHo.
Acetylene partial pressures of 10 kPa are routinely used in nitrogen fixation studies (Hardy et
al. 1968, Bergerson 1980) and in laboratory denitrification studies (Yoshinari et al. 1977, Terry
and Tate 1980a, 1980b, Terry et al. 1981). Field

measurement of denitrification by the C^Ho

inhi-

bition technique involves introduction of

C2H2

atmosphere through perforated tubC2H2 treated irrigation water (Ryden, /.,

to the soil

ing or

Laboratory evaluation 1979; Ryden,
,

II.,

Devel-

opment and application, 1979, Rolston et al.
1982, Hallmark and Terry 1985). It is likely, with
these procedures, that C2H2 partial pressures in
excess of 10 kPa will exist in portions of the soil
atmosphere that will maintain minimum effective levels of 0. 1 kPa throughout the soil atmosphere.

This publication is based on work supported in part by funds provided by the Bureau of Land Management.
^Department of Agronomy and Horticulture, Brigham Young University, Provo, Utah 84602.
Present address: Department of Agronomy, University of Missouri, Columbia, Missouri 65201.
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Soils
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laboratory and in situ denitrification studies

Development and application, 1979; Rolson et al.
1982, Ryden and Dawson 1982). The recovery
of nitrification in Timpanogos soil exposed to
10.0 kPa C2H2 was delayed for at least seven
days whether the samples were exposed to the
gas for 24 or 216 hours. Acetylene partial pressures of 10.0 kPa have been used in denitrification studies and in studies of concurrent
(Yoshinari et

al.

denitrification

1977, Ryden,

and nitrogen

77.

(Terry

and Tate 1980a, 1980b, Yoshinari et al. 1977)'.
Problems with the use of C2H2 in denitrification studies would likely be encountered in
soils where the nitrate supply is limited by
nitrification.

Ryden

Bergerson, F

(1982) reported that deni-

was underestimated in soil samples
incubated in the laboratory in the presence of
C2H2 for 168 hours. Nitrate became exhausted
in the samples during incubation. Problems
with nitrification inhibition in denitrification
studies may be avoided in laboratory studies
by adding supplemental nitrate and/or adopting short incubation periods (<24 hours)
(Terry and Tate, 1980b). In the design of field
studies on denitrification, it would be wise to
rotate study sites every 7 to 14 days to allow
nitrification to proceed in the soil. The use of
sites previously exposed to C2H0 should be
avoided for 14 to 21 days because of the slow
recovery of nitrification following prolonged
exposure to C2H2.
trification

1980.

J

Methods of evaluating

—

Hallmark, S L., and R E Terry 1985. Field measurement of denitrification in irrigated soils. Soil Sci.
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NEW THAGRIINE LEAFHOPPERS FROM THE ORIENTAL REGION, WITH A
KEY TO 30 SPECIES (HOMOPTERA: CICADELLIDAE: COELIDIINAE)
M. W. Nielson
Abstract.

— Five new species oi Thagria from the Oriental region are described and

illustrated.

These include

melichari from Thailand, unidentata from Indonesia, marissae from southern China, bifida from Nepal, and insolentis

Tom an undetermined locality in
iey to males of 30 species

is

the Oriental region. There are presently 166 species in this large and unique genus.

The genus Thagria Melichar is the largest
group of coehdiine leafhoppers. Although
they occur primarily in the Oriental region,
many species are found in the Australian region (not

known

in Australia

—

clypeus,

scribed

(Kwon and Lee

1979, Nielson 1977,

1980a, 1980b, 1980c, 1980d, 1982).

new

The

configurations of the ventral para-

physis in combination with highly modified
structures of the 10th

numerous

species.

A key to males of 30 species including those
described in previous papers (except Kwon
and Lee 1979) after my 1977 revision and
those treated herein is presented. A regional
key

for all

known

later.

to

16

Ventral paraphysis not as above, in lateral

1/2 to 1/3 in lateral view,

view
3(2).

apex decurved

straight or recurved

5

Style with apex bifurcate or divided into 2

slender rami

4

Style not as above (Fig. 16, Nielson 1980a)

4(3).

Aedeagus

beyond midlength
of ventral paraphysis; 10th segment process
with dentate process on middle of dorsal margin (Fig. 2)

—

bifida

Aedeagus shorter, reaching

to about

'Monte

L.

Bean

Life Science

n. sp.

length of ventral paraphysis; 10th segment

process with longer process on ventral margin
(Fig. 25, Nielson 1980b)

.

thailandensis Nielson

5(.3).

Ventral paraphysis symmetrical

—

Ventral paraphysis asymmetrical

6(.5).

Tenth segment with paired processes

—
7(6).

6
10
7

Tenth segment without paired processes
(Fig. 13, Nielson 1980b)
ampla Nielson
Ventral paraphysis without basal paired processes on dorsal margin

—

8

Ventral paraphysis with basal paired processes on dorsal margin (Fig.

22,

Nielson

serrastijla Nielson

1980b)

Style very long, exceeding midlength of ventral

—

paraphysis; ventral paraphysis without

9

Style very short, not reaching midlength of

ventral paraphysis; ventral paraphysis with
lateral spines distally (Fig. 28,

so,

Nielson 1982)

barbata Nielson
9(8).

2

Museum. Brigham Young

,

mid-

spines distally

margins usually nar-

rowed medially

.

long, extending

basal width equal to or greater than basal
lateral

.

blockeri Nielson

Males oi Thagria

width of clypeus,

3

—

8(7).

Key

parallel,

—

in the

Clypellus broad, swollen basally or nearly

1.

usually

distally

Ventral paraphysis curved ventrally at distal

species will be presented

Host plants and biology of species
group are very poorly known.

margins

2(1).

segment and caudodor-

processes of the pygofer differentiate the

sal

lateral

five

described herein bring the
present total to 166 species.
The genus is uniquely characterized by the
males possessing a distinctive and highly diverse ventral paraphysis on which a tubular
aeadeagal shaft is attached basally to and
freely articulates dorsally with the paraphysis.
species

The many

never swollen basally,

sometimes expanded

(southern China, southern Korea, and south-

ern Japan). Prior to 1977 only 36 species were
known. Since then 125 species have been de-

narrow,

Clypellus

basal width narrower than basal width of

proper) and sev-

are in the southern Palearctic region

eral

A

included.

University. Provo, Utah 84602.
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Style

1982)

attenuated distally (Fig.

2,

Nielson

fossiata Nielson
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—
10(.5).

Style forked distally

(P^ig.

11.

Nielson 1980c)
furcuhita Nielson

Ventral paraphysis with basal processes on
dorsal margin

—

cesses

12

Ventral paraphysis with single basal process.

13

12(11).

Basal processes on paraphysis symmetrical

14(10).

srilankensis Nielson

Nielson 1982)

—

Style without subapical bifurcation (Fig. 11,

Nielson 1980a)

Style with distal half hooked (Fig. 17, Nielson

Style narrowed at distal 1/4 in lateral view,

26(25).

Ventral paraphysis without ventral keel ....

with dentate subapical process (Fig. 35, Nielparaoniata Nielson
son 1980b)

—

39,

boulardi Nielson

1980d)

(Fig. 8,

Nielson 1980b)

.

15

4,

on or near apex

28(27).

Ventral paraphysis with a pair of unequal dis-

—

Ventral

29(27).

Caudoventral lobe of pygofer with a single

tal

Ventral paraphysis asymmetrical

25

Ventral paraphysis keeled ventrally

18

—

Ventral paraphysis not as above

20

18(17).

Ventral paraphysis with subbasal ventral keel

—

Ventral paraphysis with subapical ventral

19

Style very long, extending

beyond

.

29

n. sp.

with a single, large,
retrorse lateral process subapically (Fig. 35,
Nielson 1982)
retrorsa Nielson
paraphysis

long spine (Fig. 26)

unidentata

,

n. sp.

Caudoventral lobe of pygofer without such
kaloostiani Nielson

Thog,ho bifida,
Figs.

n. sp.

1-6

Length: Male 6.90 mm.
Moderate-sized, slender species. General

paraloae Nielson

.

,

.

spine (Fig. 13, Nielson l'980c)

17(16).

'

marrisae

processes (Fig. 23)

paradigitata Nielson

—

color black with tannish translucent costa,
face black.

ape.x of

Head

ventral paraphysis (Fig. 22, Nielson 1980d)

samuelsoni Nielson
Style very short, extending only to base of

Nielson 1980c)
ventrocarina Nielson

ventral paraphysis (Fig. 3,

Ventral paraphysis with paired basal process

on dorsal margin

21

—

Ventral paraphysis not as above

22

21(20).

Paired basal processes of paraphysis very
long, nearly reaching to apex of paraphysis

Nielson 1980d)

28

Ventral paraphysis without such processes

—
17

(Fig. 3,

Ventral paraphysis with 1-2 lateral processes

—

capilla Nielson

Ventral paraphysis symmetrical

keel (Fig. 10, Nielson 1980d)

27

miitabilis Nielson
27(26).

Tenth segment processes broader and nearly
straight, not needlelike in dorsal view (Fig.
20, Nielson 1980a)

26

Ventral paraphysis with ventral keel subbasally (Fig. 17,'Nielson 1982)

Tenth segment processes very narrow and
view

.

lat-

with short
Nielson
undulata Nielson

(Fig.

.

lat-

Tenth segment and caudodorsal margin of
pygofer with processes of unequal length in
on middle

.

paraexilis Nielson

Tenth segment and caudodorsal margin of

16(2).

—

brincki Nielson

—

sal

20(17).

21,

bifurcata Nielson

out dentate subapical processes (Fig.

sinuate, nearly needlelike at distal 2/3 in dor-

—

subapical bifurcation (Fig.

Style with distal half straight or nearly so

1980b)

19(18).

Style with

25(16).

lateral process

—

Ventral paraphysis without lateral processe
24

lateral view; ventral paraphysis

15(14).

Nielson 1982)
bidentata Nielson

Style broad throughout in dorsal view, with-

pygofer with processes of equal length in
eral view; ventral paraphysis with short
eral process distad of middle

—

7,

Ventral paraphysis with lateral processes subapically (Fig. 3, Nielson 1980a)

hollowaiji Nielson

Nielson 1982)

Nielson 1980b)

—

spines apically (Fig.

24(23).

Basal processes on paraphysis asymmetrical

2

23

melichari, n. sp.

(Figs. 11,12)

1.3(11).

Caudoventral lobe "of pygofer with 2 short

—

Ventral paraphysis with paired basal pro-

(Fig. 40,

—
23(22).

—
—

Caudoventral lobe of pygofer without spines

14

dorsal margin
11(10).

22(20).

11

Ventral paraphysis without basal processes
but with medial or subapical processes on
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bilateralis Nielson

Paired basal processes of paraphysis shorter,

small,

subconical,

much narrower

than pronotum; crown broad, width about
equal to width of eyes, produced beyond anterior margin of eyes, elevated above level of
eyes, lateral margins convergent basally; eyes
moderately large, semiglobular; pronotum
with length about equal to length of crown;
scutellum large; forewings long and narrow,
venation typical of genus; clypeus long and
broad, lateral margins excised near middle;
clypellus short and broad, base broad and

not reaching midlength of paraphysis (Figs.

swollen, lateral margins below converging to

16, 17)

truncate apex.

insolentis, n. sp.

NiELSON:

April 1986

Figs. 1-6.

Thagria bifida

:

1,

New Oriental Leafhoppers

323

Male pygofer and 10th segment, lateral view. 2, Tenth segment, and pygofer processes,
and right style, dorsal view. 4, Aedeagus and ventral

dorsal view. 3, Connective, aedeagus, ventral paraphysis

paraphysis, lateral view. 5, Right style, lateral view. 6, Plate, ventral view.

Male: Pygofer

in lateral

rounded; caudodorsal margin with long, narrow, slightly sinuate process, nearly reaching
apex of caudoventral lobe (Fig. 1); 10th segment with pair of long slender acuminate processes nearly reaching to apex of anal tube,
processes with 2 small dentate projections,
one subapical and one near middle on dorsal
margin (Figs. 1, 2); aedeagus symmetrical,
long, extending beyond midlength of ventral
paraphysis (Fig. 3); ventral paraphysis short,
very broad at basal half in dorsal and lateral
views, narrowed at distal half and decurved in

view (Figs. 3, 4); style very long, extending beyond apex of ventral paraphysis,
bifurcate
subapically,
inner
bifurcation
shorter than outer one (Fig. 3); plate long and
narrow with few lateral macrosetae and few
short microsetae apically (Fig. 6).
lateral

HoLcmPE

view with rather

long, broad, caudoventral lobe, apex narrowly

(male):

NEPAL: Ktmd.

[Kat-

mandu], Pulchauki, 8000', 27. VII. 1967. Can.
Nepal Exp. (CNC)
Remarks: This species is similar to ohrienae
Nielson but can be distinguished by the diagnostic bifurcate style.

Thagria melichari,

n. sp.

Figs. 7-1.3

Lenc;til Male 6.60 mm.
Moderately robust species. General color
ochraceous with narrow transverse ivory
markings on forewings, veins embrowned
with small irregular ochraceous spots, on
veins.

Head much narrower than pronotum

(Fig.

crown narrow, produced distally beyond
anterior margin of eyes, length twice basal
width, anterior margin angulate, lateral mar7);
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Figs. 7-13.

segment,

Vol. 46, No. 2

7, Head and pronotum, dorsal view. 8, Face, ventral view. 9, Male pygofer and 10th
Tenth segment and pygofer processes, dorsal view. 11, Aedeagus and ventral paraphysis,
Aedeagus and ventral paraphysis, lateral view. 13, Right style, lateral view.

Thagria melichari

:

lateral view. 10,

dorsal view. 12,

gins convergent basally; eyes large, elongate-

pronotum

median longitudi-

HOLOTYPE

(male),

THAILAND: Muok-

pair of long ventral processes, processes broad

Lek, 1,000 ft,
I.
., H. Fruhstorfer.
Additional labels with following information:
"H. Fruhstorfer, vend. 25. V. 1924," "Arya
hyalinopunctata n. sp., manuscript name, L.
Melichar det." (MM). Allotype (female),
THAILAND: Pakchong, 100 N of Bangkok,
Dec. 2, 1957, J. L. Gressitt (BPBM).
Paratypes: VIET NAM: 33 km NE Ban Me
Thuot, 500 m, 1 female, 16-18. V. 1960, L.

basally, abruptly tapered distally with small

W. Quale

ovoid;

large with

nal carina; forewing with venation typical of

genus; clypeus long and rather broad; clypellus slightly swollen basally, basal width nearly
equal to basal width of clypeus (Fig. 8).
Male: Pygofer with long, narrow, caudoventral lobe, caudodorsal margin with pair
of broad processes (Fig.

9);

10th segment with

projection laterally near middle of process

aedeagus symmetrical, moderately long, about half as long as ventral para(Figs. 9, 10);

physis (Fig. 11); ventral paraphysis slightly
asymmetrical, very broad basally in dorsal

view,

asymmetrically clefted

distally,

with

pair oflong basal processes (Figs. 11, 12); style

very long, slender, pointed distally and
curved laterally in lateral view (Fig. 13); plate
long and narrow, typical of genus.

.

m

(author's collection).

Remarks: This species

is

similar in

male

genitalia characters to sarawakensis Nielson

but can be separated by the configuration of
the 10th segment processes and caudodorsal
processes of the pygofer, by the asymmetrically clefted apex of the ventral paraphysis,
and by the current geographical range. This
species is named for Dr. Leopold Melichar in
recognition of his outstanding contributions to
leafhopper systematics.

^pril

NiELSON:

1986

Figs. 14-19.

Thagria insolentis:

14,

New Oriental Leafhoppers

Male pygofer and 10th segment,

lateral view. 15,

325

Tenth segment and pygofer
Aedeagus and

processes, dorsal view. 16, Connective, aedeagus, ventral paraphysis, and right style, dorsal view. 17,
ventral paraphysis, lateral view. 18, Right style, lateral view. 19, Plate, ventral view.

Thagria insolentis
Figs.

,

Length: Male 5.90 mm.
Small,

species.

General

brown with numerous

irregular

slightly

color light

robust

and narrow, lateral
margins nearly parallel.
Male: Pygofer in lateral view with elongate
triangular caudoventral lobe (Fig. 14); caudodorsal margin with ornate process, process broad
basally, abruptly decurved medially with narrow, asymmetrical bifid apex, ventral margin
with narrow, hooked secondary process on middle, dorsal margin with short secondary process
(Figs. 14, 15); 10th segment with pair of narrow
long processes nearly reaching to apex of caudoventral lobe (Fig. 14); aedeagus symmetrical,
very long and tubular, curved dorsally at distal
half and extending to about apex of ventral paraphysis in lateral view (Figs. 16, 17); ventral paraphysis symmetrical, broad basally with pair of
long narrow processes basally on dorsal margin,
lateral margins of paraphysis convergent distally
to narrow convex apex with short dentate subsockets; clypellus long

n. sp.

14-19

tannish markings on forewings, bullae on dark
pronotum ochraceus, crown light tan basally

with blackish markings anteriorly, face reddish brown.

Head large, subconical, narrower than
pronotum; crown somewhat narrow, width
less than transocular width, elevated above
level of eyes, produced beyond anterior margin of eyes; eyes large, semiglobular; prono-

tum

short, median length about equal to median length of crown, with short median
longitudinal carina originating on anterior
margin; scutellum large; forewing moderately
long, venation as in description of genus;

clypeus long, narrow, excised near antennal

apical projections laterally (Figs. 16, 17); style

very long, attennuated, and sharply pointed api-
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Figs. 20-25. Thagria marissae 20, Male pygofer, lateral view. 21, Pygofer processes, dorsal view. 22, Connective,
aedeagus, ventral paraphysis, and right style, dorsal view. 2.3, Aedeagus and ventral paraphysis, lateral view. 24, Right
style, lateral view. 25, Plate, ventral view.
:

cally,

exceeding apex of paraphysis (Fig. 16);
and narrow, with many long microse-

plate long

tae apically (Fig. 19).

HOLOTYPE
Friese,

(male):

Teoor

[ORIENTAL REGION]:

(or Tevor),

no date, no collector

Small, slender species. General color light
golden brown, suffused with brown markings
near apex of forewings and near middle of
costa.

Head

large, narrower than pronotum, subcrown broad, about as wide as eyes,
produced distally beyond anterior margin of

(NM).

conical;

Remarks: The species is near
httcifascia
It can be easily distinguished from that
species by the ornate caudodorsal processes of

eyes, lateral margins convergent basally, ele-

(Walker).

The locality of this species is not
known but is presumed to be in the Oriental
the pygofer.

region. In a recent

communication from Dr. A.

Kaltenbach, Naturhistorishces Museum, Vienna, he stated that the specimen may have

come from

the Friese collection (H.

1860-1948) but did not know

if

in the Oriental region.

Thafi,ria marissae, n. sp.
Figs.

20-25

Length: Male 5.75 mm.

Freise,

Friese collected

vated above level of eyes; eyes large, semiglobular; pronotum and scutellum short, median length of each nearly equal; forewing
long and narrow, venation typical of genus;
clypeus broad anteriorly, clypellus short, lateral margins nearly parallel.
Male: Pygofer in lateral view with short
broad caudoventral lobe, tapered toward
apex, apex rounded, caudodorsal margin with
short narrow lobelike process extending distally and not reaching apex of caudoventral
lobe (Figs. 20, 21); 10th segment short, simple, without ventral processes (Fig. 20);
aedeagus symmetrical, very long and narrow,

April 1986

NiELSON:

Figs. 26-31. Thagriu unidcntata

;

26,

New Oriental Leafhoppers

Male pygoier and lOth segment,

327

lateral view. 27,

Tenth segment and pygofer

processes, dorsal view. 28, Connective, aedeagus, ventral paraphysis, and right style, dorsal view. 29, Aedeagus and
ventral paraphysis, lateral view. 30, Right style, lateral view. 31, Plate, ventral view.

nearly reaching to ape.x of ventral paraphysis
(Figs. 22, 23); ventral paraphysis

asymmetri-

broad basally with gradual constriction
along middle and slightly expanded distally in
dorsal view with pair of short unequal, sharply
pointed, lateral processes apically (Figs. 22,
23); style very short, extending just beyond
base of aedeagus in dorsal view, narrowly triangular in dorsal view (Fig. 22); plate long and
very narrow throughout with tuft of long microsetae apically (Fig. 25).

cal,

HOLOTYPE (male): CHINA: Iwa Bi, Hainan
Vn. 1935, L. Gressitt (NCSU).

IsL, 25.

Remarks: Thagria marissae is similar to T.
It can be separated from
lurida by the narrower caudoventral lobe of
the pygofer, by the longer aedeagus that
lurida (Melichar).

reaches to the apex of the ventral paraphysis,
by the asymmetrical ventral paraphysis, and

by

its

known geographical

species for

my

range.

I

name

this

granddaughter, Marissa Jean

Hammer.
Thagria unidentata
Figs.

,

n. sp.

26-31

Length: Male, 7.25-7.75 mm.
Moderately long, slender species. General
crown
and pronotum tan, posterior margin of pronotum blackish; scutellum tan to brown;
forewing translucent, veins blackish; face tan.
Head much narrower than pronotum, subconical; crown narrower than width of eyes,
produced beyond anterior margin of eyes,
narrowly rounded distally, lateral margins
convergent basally, slightly carinate laterally;
pronotum and scutellum equal in length, each
color tannish brown; eyes tan to brown;
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equal in length of crown; forewing long and
narrow, venation typical of genus; clypeus
long and narrow, lateral margins constricted
near antennal sockets; clypellus short, lateral
margins wider distally than proximally.
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doventral lobe of the pygofer.
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much

appreci-

Linslev Gressitt, Bernice P.

Bishop Museum, Honolulu (BPBM), Dr. K. G.

view with short
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GENUS PARALIDIA WITH DESCRIPTIONS OF NEW SPECIES
(HOMOPTERA: CICADELLIDAE: COELIDIINAE)
M. W. Nielson'

—

Abstract.
The generic concept oi Paralidia Nielson, type-species, Coelidia plaumanni Linnavuori, is reelucidated after five additional new species were found in South America. These are described and illustrated. Four species,
One species, singularis, is from Ecuador. A key
all from Brazil, include spinata, retrorsa, denticulata, and hispinosa
to males of the si.x known species is also presented.
.

Paralidia was estabplaumanni Linnavuori in
the tribe Coehdiini by Nielson (1982). Since
its erection five additional species have been
found. These not only broaden the concept of
the genus but also solidify its taxonomic and

Ecuador. The host plants, biology, and economic importance of the group are not known.
Females are rarely collected.

zoological base.

—

The monobasic genus

lished for Coelidia

Generic characterization,

in

addition

to

Key
1.

to

Males oi Paralidia

Aedeagus with 1-3 spines on or near apex,
spines along middle of shaft absent

2

Aedeagus without apical spines; spines along
middle of shaft present (Fig. 4).
.spinata, n.

sp.

.

that previously described, includes the fol-

lowing features: Small to moderately large,
slender species; head slightly to distinctly narrower than pronotum; crown always narrow

and produced

slightly to nearly 1/3 of

its

me-

Aedeagus with 2-3 spines on or near apex

—

Aedeagus with

singularis n. sp.

Aedeagus with 2 apical or subapical spines ....
Aedeagus with 1 apical and 2 subapical spines

4(3).

Aedeagus with 2 subapical, needlelike spines,
spines asymmetrical and not originating on the
same sagittal plane

—

The known
of

Monte

L.

retrorsa

—

Aedeagus with 2

,

4

n. sp.

5

broad spines,
spines symmetrical and originating on the
same sagittal plane (Fig. 799^ Nielson 1982)
apical, basally

plaumanni (Linnavuori)
5(4).

Aedeagus with dentate, lateral flange on one
side of middle of shaft; pygofer with a partially fused,

membranous caudoventral

process;

style needlelike at distal 2/3 (Fig. 28)

denticulata

—

Aedeagus without such

,

n. sp.

flange; pygofer with

well-developed caudoventral process;
with a preapical expansion (Fig. 35)

style

bispinosa

,

n. sp.

Paralidia spinata n. sp.
Figs.

1-8

Length: Male 6.15-6.80 mm, female 7.70

mm.

crosetae.

states

3

a single terminal spine (Fig. 13)

(Fig. 19)

margins parallel to convergent basally
and varying from slightly to prominently carinate; pronotum and scutellum usually short
and nearly always equal to or shorter than
crown; clypeus nearly always narrower anteriorly than basally; male pygofer with caudoventral process always present, slender and
long, but varying in length, degree of fusion
basally with caudal margin of pygofer and configuration; aedeagus nearly always asymmetrical, usually narrow and somewhat tubular,
always with dorsally curved apex that usually
has 1-3 spines, sometimes with serrations or
spines on middle of shaft; style varies from
moderately long to very long (reaching apex of
aedeagus) and very slender at distal 2/3, sometimes enlarged preapically; plate long with
middle third of outer margin enlarged and
convex, always profusely setose with long mi-

....

3(2).

dian length beyond anterior margin of crown,
lateral

.

2(1).

Moderate-sized, slender species. General

species occur in the eastern

Brazil,

with

one

species

from

color pale ochre with broad (narrow in fe-

Bean Life Science Museum, Brigham Young University, Prov

'Separation of apical spines not apparent in Figure 799.
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Head, pronotum and scutellum, dorsal view; 2, Face, ventral view; 3, Male pygofer,
Connective, aedeagus and right style, dorsal view; 6, Style, lateral view; 7,
Female abdominal venter, \ entral \ iew.

Figs. 1-8. Paralidia spinata
lateral view; 4,

Plate,

\

Aedeagus,

entral view; 8,

Vol. 46, No. 2

:

I,

lateral view; 5,

male), black, medial longitudinal band from
crown to near forewing apex, eyes light reddish brown, face ochre.
Head rather large, narrower than pronotum (Fig. 1); crown very narrow, produced
slightly beyond anterior margin of eyes,
rounded distally, lateral margins carinate and
parallel; eyes very large, about twice as wide
as coronal width, semiglobular; pronotum and
scutellum short, median length of each
slightly less than median length of crown;

forewing elongate, venation typical of genus;
clypeus long and broad, lateral margins
broadly convex; clypellus short, lateral margins broader distally (Fig. 2).
Male: Pygofer in lateral \icw with a long,
narrow slightly sinuate, acinninate caudoventral process, process broad at basal 1/3, caudodorsal margin with a shorter, narrow sinuate process, apex curved slightly downward

and bluntly pointed
metrical,

long,

(Fig. 3);

aedeagus sym-

nearly tubular throughout,

slightly compressed laterally with numerous
conspicuous dentate microspines laterally on
distal half of shaft before apex, spines not as
readily apparent in some specimens, apex
curved dorsalK in lateral \iew, rounded apically and without terminal spines (Figs. 4, 5);
gonopore terminal; connective as in siti^iularis- style long, reaching to about midlength
of aedeagal shaft, needlelike at distal half
(Figs. 5, 6); plate long, similar in shape to
.sin<iul(ihs except apex more pointed, profusel\-

setose (microsetae) (Fig.

7).

Female: Seventh sternum nearly twice

as

long as preceding segment, caudal margin sinuate (Fig. 8).
H()L()TVFE(male): BRAZIL: Minaes Gerais,
Santa Barabara, C:araca
.1. 1970, F. M.
Oliveira, B.

M. 1971-165 (BMNH). Allotvpe

NiELSoN:

April 1986

Figs. 9-15. Paraliclia singularis: 9,
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Head, pronotuni and

.scutelluiii,
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dorsal view; 10, Face, ventral view; 11,

Male

pygofer, lateral view; 12, Connective, aedeagus and right style, dorsal view; 13, Aedeagus, lateral view; 14, Style,
lateral view; 15, Plate, ventral view.

(female),

Minaes Gerais,

1,100 m,

Delfim Moreira,

M.

M.
1972-541 (BMNH). Paratypes: 4 males, same
data as holotype, 4 males, same data as allotype (BMNH), 2 males, same data as holotype

(USNM,

.11.1972, F.

Oliveira, B.

author's collection).

Remarks: Paralidia spinata is similar to
denticulata but can be separated fiom it and
all other species in the genus by the minute
spines on the aedeagal shaft, which also lacks
terminal spine(s).

Head

large, narrower than pronotum (Fig.
crown very narrow, produced slightly beyond anterior margin of eyes, rounded dis9);

tally, lateral

margins carinate; eyes very large,
as wide as basal width of

more than twice

crown, semiglobular; pronotum and scutellum short; elytra long and moderately broad;
clypeus long and narrow, narrower anteriorly
than basally; clypellus short, narrow, lateral
margins broad distally (Fig. 10).

Male: Pygofer

Paralidia singtilaris, n. sp.

in lateral

view with very

long, slender, caudoventral process reaching

nearly to apex of caudodorsal process, cauFigs.

9-15

Length: Male 5.50 mm.
Small, slender species.

brown with

General color dark

large, triangular, pale translucent

numerous
deep reddish brown;
pronotum with small pale spots; clypeus and
spot on middle of forewing and with

pale spots on veins; eyes

clypellus black with small pale spots.

dodorsal process moderately long, lobelike,

apex curved dorsally

(Fig. 11);

aedeagus sym-

metrical or nearly so, long, nearly tubular
throughout with single prominent, sharply

pointed spine apically (Fig. 12), apex of shaft
curved dorsally with spine projecting caudodorsally (Fig. 13); gonopore apical near
base of spine; connective stout, Y-shaped,
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Figs. 16-23. Paralidia retrorsa: 16,

Vol. 46, No. 2

Head, pronotum and scutellum, dorsal view; 17, Face, ventral view; 18, Male
Terminus of aedeagal shaft, caudal view; 21, Connective,

pygofer, lateral view; 19, Aedeagus, lateral view; 20,

aedeagus and right

style, dorsal

view; 22, Style, lateral view; 23, Plate, ventral view.

with short stem; style very long and slender,
nearly reaching apex of aedeagus, distal third
expanded except for abruptly pointed apex
(Fig. 12, 14); plate long, narrowed subbasally,
broad subapically and abruptly narrowed to a
bluntly rounded apex, with numerous long

microsetae (Fig.

HOLOTYPE
(Equateur),

15).

(male):

ECUADOR:

.X. 19.30,

R.

Quito
Benoist

(MNHN).

Moderate-sized, slender species. General
brown to black except for pale face,
crown and costa of forewing deep tan, veins of
forewing sometimes mottled.
color dark

Head

large, narrower than pronotum (Fig.
crown very narrow, about 1/2 width of eyes,
much produced distally beyond anterior margin
of eyes, distal length nearly 1/3 entire median
16);

length, anterior margin acutely rounded, disk

foveate medially, lateral margins nearly parallel,

Remarks: Paralidia singularis

is

nearest to

retrorsa n. sp. and can be distinguished by

the single long spine on the apex of the aedea-

gus and by the large pale triangular spot on
the middle of the forewing.
Paralidia retrorsa, n. sp.

slightly

16-23

Length: Male 6.90

mm,

mm.

female 7.25-8.00

eyes very large,

elongate-

row, narrower anteriorly than posteriorly with
short broad ridge medially and originating on

anterior
Figs.

carinate;

pronotum and crown short, each shorter
than median length of crown; forewing elongate,
venation typical of genus; clypeus long and nar-

ovoid;

margin

then

dividing

into

several

rugose lines that terminate about middle; clypellus long and narrow, lateral margins expanding
distally (Fig. 17).

.

/^pril

NiELSON:

1986

Figs. 24-31. Paralidia denticulata

:

24,
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Head, pronotum and scutellum, dorsal view; 25, Face, ventral view; 26, Male
and aedeagus, dorsal view; 28, Aedeagus, lateral view; 29, Terminus of

p\ i^ofer, lateral view; 27, Connective, right style
ai'di-agal shaft,

caudal view; 30, Style, lateral view; 31, Plate, ventral view.

Male: Pygofer

in lateral view with weakly
caudoventral process, process
similar to denticulata but fused to pygofer at
more than half its base, caudodorsal margin
with short, broad lobe, lobe rounded apically
with short, bluntly pointed process subapically on dorsal margin, process directed
mesally (Fig. 18); aedeagus asymmetrical,
very long and narrow, apex abruptly curved
dorsally in lateral view and terminating with
single curved, sharply pointed, retrorse spine

sclerotized

two additional membranous spines
on caudal margin of curved apex, one above
the other, not on same sagittal line and both
pointed dorsally (Fig. 20), dorsolateral margins of shaft basad of apex not parallel at distal
1/3 in lateral view (Fig. 19); gonopore apical
(Fig. 19),

near base of terminal spine; connective as in
genus; style moderately long, distal half very

narrow and membranous (Figs. 21, 22); plate
long and narrow, similar in configuration to P.

plaummani (Linnavuori) with numerous long
niicrosetae (Fig. 23).

as

Female: Seventh sternum about twice as long
preceding segment, caudal margin sinuate as

in spinata

HoLOTiPE (male): BRAZIL: no locality, no
M. Alvarenga, B.M. 1971-165 (BMNH).
Allotype (female), same data as holotype
(BMNH). Paratvpes: 3 females, same data as
date,

holotype

(BMNH),

1

female, Sao Paulo,

S.

Bar-

.XII. 1968, M.
m,
Alvarenga, B.M. 1970-484 (author's collection).
Remarks: This species is similar in general
habitus and male genital characters to spinata n.
sp. but can be distinguished by the short, anterior median clypeal ridge, by the prominent
asymmetrical aedeagus, and by the retrorse terreiro, S. Bocaina, 1,650

minal spine with 2 subterminal attendant spines

on the aedeagus. The well-produced crown will
also separate this species from all others in the
genus.
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Figs. 32-39. Paralidia bispinosa

:

32,

Vol. 46, No. 2

Head, pronotum and scutellum, dorsal view; 33, Face, ventral view; 34, Male
Terminus of aedeagal shaft, caudal view; 37, Connective, right

pygofer, lateral view; 35, Aedeagus, lateral view; 36,
style

and aedeagus, dorsal view; 38,

Style, lateral view; 39, Plate, ventral view.

Paralidia dentictdata
Figs.

,

Length: Male 6.90-7. 10 mm.
Medium-sized, slender species. General
color light reddish brown with suffused deep
brown medially on distal half of forewings,
face tannish

brown.

Head moderately

large,

subconical,

process completely hidden by caudal
margin of pygofer, caudodorsal margin with
short truncate lobe (Fig. 26); aedeagus asymmetrical, long, subtubular throughout with
lateral finely dentate asymmetrical flange
along middle of dorsal margin in dorsal view
(Fig. 27) and rows of fine teeth below on middle 2/3 of shaft, ape.x of shaft abruptly curved
dorsally in lateral view with 2 very short,
sharp spines apically, one below the other but
not originating on the same sagittal line (Figs.
28, 29); gonopore apical between spines; connective typical of genus; style long, extending
beyond midlength of aedeagal shaft, needlecess,

n. sp.

24-31

nar-

rower than pronotum (Fig. 24); crown very
narrow, produced distally beyond anterior
margin of eyes, narrowly rounded distally,
lateral margins broadly convex, carinate; eyes
very large, elongate-ovoid; pronotum long,
median length slightly greater than median
length of crown; scutellum small; forewing
elongate, venation typical of genus; clypeus
long and narrow, narrower anteriorly than
basally; clypellus long and narrow (Fig. 25).
Male: Pygofer in lateral view with long,
very narrow, acuminate caudoventral pro-

like at apical 2/3 (Fig.

30); plate typical of

genus, profusely setose (Fig. 31).

HoLOTYPE

(male):

BRAZIL: Rio de Janeiro,

Guanabara,
M.
.X. 1970,
1971-165
B.M.
(BMNH).

Alvarenga,

BRAZIL:

.IX.

Bahia, Itapetinga,

Paratypes:
1969.

NiELSON:

April 1986

F.

M.

M. 1971-165

Oliveira, B.

New Neotropical Leafhoppers

(author's col-

lection).

Remarks: Paralidia denticulata

is

similar to

spinata n. sp. but can be separated from

it

by

the lateral tooth flange that occupies the
greater middle of the aedeagal shaft and by

the presence of apical spines.
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below the other and not originating on the
same median sagittal line (Fig. 36); gonopore
terminal; style very long, nearly reaching
apex of aedeagus, narrow except for base and
expansion subapically (Figs. 37, 38); plate
long, configuration very similar to other species in the genus, profusely setose (microsetae) (Fig. 39).

Paralidia bispinosa, n. sp.
Figs.

Length: Male

8.

10

HOLOTYPE

distinctly

narrower than prono-

crown very narrow, about 1/2 as
transocular width, produced beyond

(Fig. 32);

wide

as

J.

Paulo,

Cloud Forest, 850 m, 23.n.l969,
Knight. B.M. 1970-484 (BMNH).
Remarks:

species.

forewings.

Head large,

BRAZIL. Sao

racela.

mm.

Large, slender species. General color tannish throughout, pale spots on dark veins of

tum

(male):

Salesopolis countv, Estaceo Biologica de Bo-

32-39

It is

denticidata

,

P.

bispinosa

is

the largest

W.

known

similar in aedeagal characters to

but

it is

larger, lacks the serrate

and has a well-developed caudoventral
process on the pygofer.
flange,

anterior margin of eyes, anterior margin an-

convergent
semiglobular; pronotum and scutellum short, each with
median length about equal to length of crown;
gled,

lateral

margins

Acknowledgments

slightly

basally, carinate; eyes very large,

forewings elongate, venation typical of genus;
clypeus long and narrow, narrower anteriorly
than posteriorly; clypellus long and narrow,
lateral margins broad distally (Fig. 33).

Male: Pygofer in lateral view with long,
narrow, heavily sclerotized, broadly curved
caudoventral process, process extending beyond caudodorsal lobe and subtriangulate distally, caudodorsal margin with broad, moderately long lobe, apex dentate dorsally (Fig.
34); aedeagus asymmetrical, long, tubular,
with apex curved dorsally in lateral view (Fig.
35), 2 membranous spines on caudal margin of
curved apex, spines unequal

in length,

one
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MONTANE INSULAR BUTTERFLY BIOGEOGRAPHY:
FAUNA OF BALL MOUNTAIN, SISKIYOU COUNTY, CALIFORNIA
Arthur M. Shapiro'

—

Mountain is an isolated, mostly heavily forested peak reaching the subalpine zone (2,330 m) in
County north of Mt. Shasta, California. It supports a rich fauna of at least 68 butterfly species showing
affinities to the faunas of the Trinity Alps and Eddies, the Warners, and the Cascades. Rare or endemic entities include
Speyeria monnonia, Lycaena heteronea gravenotata and melanic forms oiSpeyeria atlantis and Agriades "glandon."
Abstract.

Ball

eastern Siskiyou

,

Several zones of intergradation or hybridization impinge on the fauna as well.

Both the physical and biotic geography of
northern Cahfornia are very complex. The
jumbled terrain of the Klamath-TrinitySiskiyou upland and the volcanic southern
Cascades provides rapid climatic gradients
that are reflected in the plant

communities of

the region. Most of these communities are
still inadequately characterized, and several

important areas are poorly known even from a
standpoint. The butterfly faunas of
northern California were extremely poorly
documented prior to the 1970s, with only one
major paper (Wifliams 1909) and scattered
specimens in museums, often inadequately
labeled. From 1976 through 1980 a major ef-

floristic

was mounted to document the butterfly
fauna of the Trinity Alps and the Eddies
(Shapiro, Palm, and Wcislo 1981) in the hope
of using these faunas to test some historical
scenarios advanced by botanists to account for
the origins of the subalpine and alpine biota of
the Sierra Nevada range. Although no definitive tests of those scenarios emerged, this
study uncovered so much unanticipated complexity (along with anticipated Klamath endemism) in the Trinity-Eddy faunas that it has
been continued at several sites which, by
virtue of unique location, topography, or vegetation seemed most likely to provide important information on the biogeographic history
of the northern California butterfly faunas. An
fort

especially rewarding site

is

Ball

Mountain,

Siskiyou County.
Ball Mountain is one of only three peaks
between Mount Shasta and the Oregon border, east of U.S. Highway 5, to reach above

2,270 m. The highest of them, Goosenest, at
2,812 m, is a recent Cascade volcano with a
poorly vegetated lava cone, though it does
have some rare alpine plants (e.g., Hulsea
nana Gray, Compositae, which it shares with
two other recent volcanoes, Mts. Lassen and
Shasta, and with the nonvolcanic Mt. Eddy).
The other two. Willow Creek Mountain
(2,676 m) and Ball Mountain, (2,330 m), are
only 8 km apart and share a common base and
access by road. Both are older. Pliocene volcanoes, mostly basaltic (Ball) or andesitic (Willow Creek). Ball Mountain has two old vents
marked by pyroclastic jumbles; the higher of
these bears a fire watchtower. There is no
evidence of recent (Holocene) volcanic impact
on the vegetation of the mountain, which has
presumably evolved to its present state
through the Pleistocene and thereafter. Ball

Mountain and Willow Creek Mountain rise
gradually from a rolling volcanic upland,

fairly

the Little Shasta country, to the west (largeK
Tertiary flows, with altitudes from 750-1,200
m); Ball Mountain, the

more

easterly, drops

abruptly to the Quaternary lake-bed alluvial plain near Macdoel, ca 1,275
(Fig. 1).
oflP

m

Although Willow Creek Mountain

is the
higher of the two, it is more continuously
forested and has a smaller variety of habitats
and less access by road than Ball Mountain.
Access to both is provided by USES road
47N03, the extension of York Road, which
near Lodgepole Station turns northeastward,
whereas road 46N11 goes due south to Willow
Creek Mountain and 46N10 goes along the
flank of Ball Mountain, looping around Little

Department of Zoology, University of Caliiornia, Davis, California 95616.
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Fig.

1.

Detail of Ball Mountain area from

USGS

15' topographic series,

t^

Macdoel quadrangle, 1954. Contour interval

40 feet (12.1m).

Shasta

Meadow and

ground

as

Martin Dairy

Camp-

46N09; another spur leads to the
lookout. Access for hikers and heavy-duty veliicles is also possible from Ball Mountain
Road (unnumbered), which is paved beyond
Table Rock (1,130 m) but becomes nearly impassable to most vehicles thereafter. This road

The

USPS

roads south of Martin Dairy.
entire area is mapped on the USPS map

joins the

of the Klamath National Porest, Goosenest

The best detail is on the 1968
The Ball Mountain lookout is R6.E,
T45.N. The entire area reported on in this
Ranger

District.

version.

paper can be collected comfortably by two
people in one day, or by one person in two
days, with a vehicle.

Vegetation

The vegetation

of Ball

Like

Mountain

many mountains

provides

it

is

appar-

in

northern

a

"telescoped"

se-

quence of Merriam's "Life Zones," such that
one may drive from "Upper Sonoran" to
"Subalpine" in less than 20

km

(this

very short

linear distance facilitates altitudinal migration

of valley and foothill butterflies to the high

montane meadows).
The general zonation of forest vegetation on
Ball Mountain and the platform on which it
sits more or less corresponds to the outline
provided by Rundel, Parsons, and Gordon
(1977) for the California portion of the Cas-

The lowest elevations, representing an
extension of the Little Shasta country, have an
open woodland dominated by shrubby forms
of Oregon Oak (Querciis garnjana Dougl.),
cades.

with juniper (Juniperus occidentalis ssp. occidentalis Hook. near its southwestern limit) as
an associate. This is quickly replaced by a
mixed conifer association beginning at just
over 900 m, dominated by yellow pine (Pinus
ponderosa Laws.), with incense cedar {Colo,

ently undescribed in the botanical or forestry
literature.

California,

Great Basin Naturalist

338

Vol. 46, No. 2

I

,^;
Fig. 2.

o?^

Rare butterflies from Ball Mountain, dorsal surfaces:

same (normal

aberration, ix.5.85; e,

a,

Speyeria atlantis (melanic form), male,

and white fir {Abies
concolor Lindl.) locally abundant. At about
1,450 m lodgepole pine (Pinus contorta ssp.
rnurrayona Grev. & Balf.) first appears in cold
and poor sites and quickly becomes dominant;
above 1,650 m it is joined by Red Fir (Abies
magnifica var. shastetisis Lemm.) and western white pine (Piniis monticola Dougl.), and
this association continues nearly to the summit. Within it are extensive sedgy and grassy
meadows ranging from dry to wet and rimmed
by quaking aspen (Popidus tremuloides
cedrtis decurrens Torr.)

many

of which are uncharacteristi-

cally large for the species.

These are among

the most diverse sites for both herbs and butterflies.

10.83; b,

c,

chalcedona, male, vi. 12.85; h, Agriades "glandon," male, vii.3.85; i, same, female, vii.3.85;
male, ix.5.85; k, same, light female, ix.5.85; 1, same, dark female, ix.5.85.

Michx.),

viii.

same (melanic form), female, viii. 10.83; d, same (melanic form), female
Speyeria monnonia, 2 females, ix.5.85; f, Euphydryas editha, male, vi. 12.85; g, Euphydryas

form), male, vii.3.85;

The area surrounding both summits

j,

Hespcria harpahis,

supports a virtually pure stand of whitebark
pine {Pinus albieaidis Engelm.). This subalpine forest is characteristically open, with
many herbs and shrubs in the understory; the
shrubs, which include sagebrush (Artemisia
tridentata Nutt.) and Haplopappus bloomeri
Gray, predominate among the pyroclasts,
whereas herbaceous perennials (Monardella
odoratissima ssp. pallida Epl., Eriogonum
umbellatum Torr., etc.) cover the light, sandy
soils elsewhere.
Understory vegetation in the montane
conifer forests is extremeK undi\erse, with
extensive areas dominated by pine-mat manzanita (Arctostaphylos nevadensis Gray) in
successional sites. The greatest herbaceous
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Table

1.

Occurrence of species on

Ball

Mountain on collecting
vi.

12.85

Papilio zelicaon Lucas

:

Papilio rutuhis Lucas

:

curymedon Lucas
Men. ssp.
S'cophasia mcnapia Feld. & Feld.
Pontia beckerii Edw.
Papilio

Pdnuis.sius clodiu.s

:

Pontia occidentalis Reak.

:

Pieri.s na})i L. ssp.

:

Pii'iis

rapae L.

:

Colias eunjtheme Bdv.

;

Edw.

("alias philodice criplnjle

;

X philodice

Colias eunjtheme

:

Attthocliaris sara sara Lucas

Euchlov

;

Lucas

attsoiiides

;

H.Edw.

C'ociionijnipha "ttdlia" eryngii

Danaus plexippus

L.

Limenitis lorquini

Edw.

:

Advlpha ])redowii californica

Butl.

Dru.
Vanessa cardui L.
Vanessa annabella Field
\'(incssa viixiniensis

Precis coenia Hbn.
Nymi)halis californica Bdv.

:

Nynij)lialis niilhertiftircillata

Say

i\'yniphalis aiitiopa L.

:

Pohjiionia faunas rusticus

Edw.

Poly^onia zcphyrus Edw.
Phyciodes campcstris Behr

:

:

Phyciodcs mytitta Edw.

:

(Uilosyne hofjnuinni sef^regata B.

Euphydryas chdicedona
Kitphydryas editha

]\r.

wallacensis

nr. editluina

Edw.
Speyeria coronis Behr

& McD.
Gvmd.

Strand

Btiloria epithore

:

:

(snyderi-simaetliis

lilend zone population)
Speyeria zerene coiu hyliatus Comst.

S))eyeria callippe nr. rupestris

Behr

Speyeria egleis nr. oweni Edw.
Speyeria atlantis Edw. {dodgei-

:

uielaMic endemic)

Speyeria murmonia Bdv. ssp.
Speyeria hydaspe purpurascens

H.Edw.

Satyrium saepium Bdv.
Mitoura nelsoni Bdv.
Mitotira spiiwtoriim
Incis(diafotis nr.

Hew.
H.Edw.

mo.s.sii

Ineisalia

eryphon Bdv.

Lycaena
Lyeaena
Lycaena
Lyeaena
Lycaena
Lycaena

arota Bdv.

heteronea gravcnotata Klots
xanthoides Bdv. - editha Mead intergrades
gorgtnt Bdv.
hellodies Bdv.
nivalis Bdv. ssp.

Plebeius "idas" ricei Cross-anna

Edw. intergrades

Plebeius saepiolus Bdv.
Plebeius icarioides Bdv. ssp.

Plebeius

acmon Westw.

& Hew.

Plebeius lupini Bdv.

Agriades "glandon Prun." ssp.
Everes amyntula Bdv.
Glaucopsyche piasus Bdv.
Glaucopsyche lygdamus nr. Columbia Skin.

dates, 1983

vii.3.85

vii.

15.83

339

and 1985.
viii.

10.83

viii.

10.85

ix.5.85

ix.7.83
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continued.
vi.

Celastrina argiolus echo

12.85

vii.3.85

36

32

vii.

15.83

viii.

10.83

viii.

10.85

ix.5.85

ix.7.83

32

17

Edw.

Ochlodes sylvanoides Bdv.
Polites sonora Scud.
Hesperia "comma complex"
Hesperiajuba Scud.
Pyrgus ruralis Bdv.
Pyrgus communis Grote
Erynnis icelus Scud. & Burg.
Erynnis propertius Scud. & Bi
Total species recorded'
Not counting Colias hybrids

diversity seen

is

at

Little Shasta

Meadow,

which has a great variety of Composites and
other showy flowering species. It has a hght,
sandy soil and supports many of the species
also found at the summit in the subalpine
forest. There are no true bogs, but the wetter

meadows are filled with sedge peat. California
pitcher plant (Darlingtonia californica Torr.),
which

characteristic of

is

boggy meadows

the ultrabasic Trinities and Eddies,

is

in

absent.

Because the meadows are grazed seasonally
by livestock, some herbaceous species may
have been lost. Most of the meadows do not
display severe sequelae of overgrazing, however.

Important nectar sources for collecting occur primarily along the roads and on the
meadows. They are very spotty, resulting in
high concentrations of butterflies in very

On 5 September 1985, for examover 30 species (several hundred individuals) were seen in a walk from Martin Dairy
Campground to Kuck's Cabin, but it was common to see nothing but Speyeria zerene in
small areas.
ple,

1-km stretches where no flowers were available. Among the most important nectar
sources are MonardeUa odoratissima, Haplopappus bloomeri, Eriogonum spp., Cirsium
vulgare (Savi)Ten., Aster spp., and Chrysothamnus spp.

1

Phenology

presents a complete itemization of

species seen on each of the three days in 1983

and four

in

1985,

when

the mountain was

collected thoroughly. Spring was late and cold
in 1983,

25

25

1985, with snow completely gone by early
June. The early summer was hot and dry and
the late summer and autumn cold and wet,

culminating in heavy snow to the 1,500 m
level on 8 September. The two years of study
thus embrace very different conditions and
probably reflect accurately the amount of phonological variation to be expected in the Ball
Mountain fauna. Most of the fauna is univoltine. The only species definitely having at
least two broods are Pontia occidentalis Phy,

with very heavy and persistent snow
warm, and dry in

pack. Spring was very early,

among

ciodes mylitta, and Lycaena helloides

residents and Pieris rapae, Pontia heckerii,

Colias

eiirytheme

and

philodice,

Coeno-

nympha "tidlia" eryngii, and Plebeitis acmon
among species whose ability to overwinter on
Ball

Mountain

is

strongly in doubt.

A

late individual of Papilio zelicaon has

single

been

taken that might represent a rudimentary second brood (there is a late season flight at low
elevations,

The

and

this

is

a hilltopping species).

single record of Pyrgus

communis may

also represent a fly-up.

Most of the summer univoltines have very
long flights, those of most Speyeria including
nearly the entire season. In S. coronis, males
and females emerge early and mate; males
then apparently die, but females disappear for
several weeks in estivation then reappear;
they may be common on yellow Composites
September. The hibernating Nymphalines
(genera Nymplialis, Polygonia, and Vanessa)
fly in both spring and autumn. Of them, only
V. annahella may be partially double-brooded
on the mountain. Hesperiajuba has the same
phenology as the Nymphalines and is suspected of hibernating as an adult also (Shapiro
1979). The meadow flora and fauna peak early,
with many species disappearing by mid-Auin

Faunistics and

Table

26

as a species.
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On Little Shasta Meadow the only plants
flower by early September are Polygonum

341

douglasii var. austinae Jones and a few Asters.

low above sedges and forbs in the
wettest parts of the meadows. This is quite
unlike the usual behavior of the species in

The

other parts of California.

gust.
in

overall butterfly phenology is unusual,
with little change in the number of species
over the entire season but peaks at both ends
and a trough in mid-summer. This pattern,
albeit weak, is nearly the inverse of the montane pattern shown in the Sierra Nevada (cf
Donner Pass, Shapiro 1975: 189).

Comments

flying

—

Phyciodes campestris Behr.
These are
quite normal campestris with no tendency to
reduction of the pattern as in Sierran montana
,

Behr. They thus resemble Trinity-Eddy specimens.

Euphydryas.

— Only one specimen of each

follow on the most unusual ele-

species has been taken, so that subspecific

ments in the fauna. Systematic order in Table
1 and the text follows Dornfeld, 1980, the

assignments in both cases are very tentative
and largely based on Dornfeld's application of
the names. The true identity of edithana
Strand remains uncertain. Both subspecific
assignments suggest affinity with the War-

geographically closest faunistic treatment in
the literature.
Pieris napi L. ssp.

lected

vi.

Meadow.

— One

fresh

male

col-

12.85 at the edge of Little Shasta
It is very heavily marked and re-

sembles first-brood marginalis Scud, from the
north coast. There is an endemic "napi" in the
Warner Mountains that has a similar first
brood and a lightly marked "paUidissima" B.
& McD. second brood and occurs on boggy
meadows. The affinities of this isolated napi
population need to be clarified, because the
biogeography of the complex is very difficult
in northern California (Geiger and Shapiro
1986a, in press).
Colias.

— Agricultural,

popu-

high as the end of York Road are
hybrid swarms involving C. eurytheme Bdv.

and C. philodice eriphyle Edw. Both species
and hybrids are common on all the meadows
and even to the summit most of the season.
There is definitely breeding on Trifoliwn
spp., but the phenotypes of spring animals
suggest colonization from below each year,
rather than overwintering in situ. By September nearly all the clover on Little Shasta
is

senescent.

—

Anthocharis sara sara Lucas.
Frequent
along roadsides near Little Shasta Meadow.
These butterflies have pure white ground
color and are indistinguishable from montane
sara from the Trinity Alps; they are extremely
distinct from both yellow Sierran stella Edwards and from the yellow-tinged race from
the Warners, and genetically they are identical to Trinity

—

Speyeri coronis Behr.
These are typical
"blend zone" populations like those found in
the Eddies, Scott Mountains, and Scott Valley
as well as in much of southern Oregon.

Speyeria callippe Bdv.

— This

a scarce

is

species on Ball Mountain, and the subspecific

assignment is based on a short series and must
be considered tentative. All our specimens
are silvered, and on average they fall between
rupestris Behr and topotypical juba Bdv. in
facies.

alfalfa-based

lations as

Meadow

ners.

and North Coast Range sara

(Geiger and Shapiro 1986b, in press).

Euchloe ausonides Lucas.

— These dense,

montane-meadow populations behave as described by Dornfeld (p. 51) for Oregon ones,

Speyeria atlantis Edw.
dant, flying

all

season.

— Common

There

is

to

abun-

a remarkable,

apparently endemic melanic form in both
sexes
more extreme in the female with a
frequency of over 50% above the junction of
roads 47N03 and 46N10, and over 70% at the
summit. This form (Fig. 3a) intergrades to
more or less normal dodgei Gunder. One
specimen taken ix.5.85 has one hindwing
aberrant (Fig. 3d).

—

—

Speyeria mormonia Bdv.

ssp.

— Outside

the Sierra Nevada, this species was previously

known in California only from Deadfall Lakes
and Mount Eddy (Shapiro, Palm, and Wcislo
1981) and from the Warners. The subspecific
identities of these populations are not clear;

Shapiro et

al.

treated the Deadfall-Eddy pop-

ulation as an outlier of the

erinna Edw. but neither
,

paler

it

Warner phenotypes

Oregon Cascade
nor the somewhat

precisely matches

either Cascadian or Sierran material. Three
specimens were collected ix.5.85 on flowers of

Haplopappus bloomeri about 0.8 km below
Little Shasta Meadow and on the lower portion of the meadow itself They were among

—

b
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a

#
..a^;*

r%

}r-

Fig. 3.

Same

as for Figut

itral surfaces.

many other fritillaries of three species. All are
very small (LFVV 20-21.5 mm) and not a precise
match

for either

Deadfall-Eddy or Warner spec-

imens. Typical mormonia habitat (wet meadow)
is

abundant on

Ball

Mountain, but

remarkably
Speijeria

The geography

late in the season.

mormonia

in far

Edemerge

as in the

dies the species appears to be rare and to

of

northern California

promises to shed light on the history of biotic

the

migrations in the Quaternar\'.

Lycaena heteronea gravenotata

The

status of this subspecies

versial.

Ferris and

Brown

name

Klots.
is

contro-

(1981) gloss over

any pattern of geographic distribution for
spotted and unspotted hindwings in the
Rocky Mountains. Dornfeld (1980) finds a definite pattern of spotted colonies within a re-

gion of generally unspotted ones. In California,

the spotted

morph

is

Mountain (Little Shasta Meadow to sumnearby Goosenest, Warner Valley (just
S.
Mt. Lassen), and near Castella (J. F.
Emmel, personal communication). These appear to be pure spotted populations, surrounded by pure unspotted ones. The host
plant on Ball Mountain has not been determined, but a white-flowered Eriogoniwi that
occurs at both Little Shasta Meadow and near
Ball

mit),

known only from

"£.

fire

tower

is

member of the
reportedly used at
F. Emmel, personal com-

suspected. (A

nudum complex"

Warner

Valley;

J.

is

There is no adult association
with E. umbellotum such as one sees consistently in the Trinities. Figures 4a, b and 5a,
show both sexes. Collectors should be aware
munication).

,

of the possibility that further colonies exist
near Mount Shasta. The possibility of sibling
species cannot be discounted.

—
April

1986
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a

H^-,

.''<0m

x^j^H

Fig. 4. Northern California Lxjcaena dorsal surfaces: a, L. heteronea gravenotata, male. Ball Mountain, viii. 10.83;
Mountain, \ iii. 10.85: c, L. h. heteronea (?), male. Dry Lake Lookout, Siskiyou Co., viii. 9. 83; d,
same, female. Dry Lake Lookout, viii. 9. 83; e, L. h. heteronea, male, Winnernucea Lake, Alpine Co., viii. 24. 83; f,
same, female, Winnenuicea Lake, viii. 24. 83; g. Lijcaena nivalis, male. Ball Mountain, vii.L5.83; h, same, female. Ball
Mountain, vii. 15.83; i, L. nivalis. Cedar Pass, Modoc Co., vi.9.85; j, L. nivalis, male, Winnemucca Lake, Alpine Co.,
viii. 24.83; k, L. nivalis "form 1," male. Paradise Lake, Marble Mts., Siskiyou Co., vii. 4. 81; 1, same, female. Paradise
Lake, vii.4.81.
,

b, .same, female. Ball

Lycaena xanthoides Bdv.-L. editha Mead.
Lycaena xanthoides is found in the Central
Valley (usually near the Saeramento River), in
the San Francisco Bay area, the Transverse
Ranges and some areas of southern California,
and apparently disjunctly as a series of montane populations from Lake County through
the Mendocino Pass- Anthony Peak area, and
in the Willamette Valley in Oregon. Lycaena
editha is found in the Rockies, the Sierra Ne-

\

ada,

and the Cascades

alpine .species.

as a

montane-to-sub-

From Dunsmuir

Summit and from Gazelle

to Siskiyou

to Ball

and Iron Gate Reservoir occur

Mountain

a series of ap-

parenth- intermediate populations, generally
in agriculturalized valleys. The highest elevation of these is the one on road 47N03 near

Kuck's Cabin, of which strays occur as high as
Little Shasta Meadow. It also seems to be the
easternmost of the blend-zone populations.

—

'
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Fig. 5.

Same

as for Fig. 4, ventral surfaces.

Lycaena helloides Bdv.
sidered a

elsewhere

weedy lowland
in

— This

is

usually con-

species, but here as

northern California

it

seems

to

permanent montane-meadow populations
and has been seen laying on Polygonum doitglasii var. austinae in September.
Lycaena nivalis Bdv.
Dornfeld (1980: 97,
maps 137-138) pointed out that two "forms" of
the nominal species L. nivalis occur in Oregon
sometimes sympatrically, sometimes not. Both
ha\'e

—

northern California. Trinity-Eddy
populations (Shapiro, Palm, and Wcislo 1981)
also occur in

are

100% "form

1" (two-toned

VHW), and

Ball

Mountain ones are 100% "form 2" (nearly unicol-

VHW).

orous

l<brm

Highway 5

U.S.

Form

1

has not oeen luunu cosl ui

in California to

my knowledge.

form
Nevada. Some individuals show a tendency toward the endemic, heavily
spotted Warner Mountains form. All these phenotypes are shown in figures 4g-l, 5g-l. At Little
Shasta Meadow eggs are laid on Polygonum douglasii var. austinae. Trinity-Eddy form 1 use P.
spergulariafonne Meissn. a closely related species. As with L. heteronea, sibling species are
2

is

similar, but not identical, to the

that occurs in the Sierra

,

strongly suspected.

Agriades

"glandon

specificity with

Prun.

ssp.

— Con-

the European taxa of this

.

.
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Palm, and Wcislo (1981), northern California
populations are considerably darker and more

ria "comma complex"; Colias hybrid swarms
(common in agricultural alfalfa but not otherwise recorded in montane meadows region-

heavily spotted beneath than Sierran podarce

ally).

iiioup

is

As noted by Shapiro,

questionable.

Felder (the usual usage, the type locality being

The type

simply "California").

of Boisduval's

4.

Regionally

Ball Mountain.

Common

—These

Species,

Rare on

include Neophasia

nestos, from Oregon, should be examined to
determine its consubspecificity with these populations. Ball .Mountain "^/anf/on" average darker
and more heavily spotted beneath than any
other North American population known to me
and seem to represent the extreme end of a cline

menapia, Phyciodes campesths, Chlosyne
Satyrium saepium,
hoffmanni,
Plebeius
"idas," Everes amyntula, Glaucopsyche hjgdamus, the Hesperia "comma complex," and

(Figs. 2,3h,i).

Affinities

Hesperia "comma complex."

— Again, the use

seems (juestionable. On
the other hand, it is unclear what strictK' Nearctic names apply to our handful of Ball Mountain
specimens, which vary in complex ways between the taxa oreii,onia Edwards and harpalus

of the

name comma

iMJwards; there
thistles

is

L.

too

little

material (mostl\- from

along the roads, where Hesperia

is

enor-

mously outnumbered by Ochlodes syhanoidcs
B(l\
to say whether the phenotxpes are altitudiiialK stratified as in the Trinities, or scrambled
as on Mount Kd(l\
The range of \ariation is
.

)

.

shown

in iiuurcs 1.

.')j-l.

Pyrgus communis
5.

Range

Extensions

—Anthocharis

6. Range
Extensions
with
Eastward
(Warner Mountains) Affinities. Possibly

—

both Eupliydryas possibly Lycaena nivalis.
7. Absences. These deserve special enumeration; they are species that, on a regional
basis, would be considered likely on Ball
Mountain but have not been found.
;

Alpine and Barren-Ground Species.

7a.

Papilio indra Reak., Parnassius

68 species is remarkabK rich
for ti forested, isolated mountain area that is
surrounded b\" unforested lowlands. The major elements of i)ioge()graphic interest are
enumerated below.
1.
Endemics.
These include the melanic
forms o{ A<i,riadcs "nJandon" and Spcycha atUnitis, and probably Spcycha mormotiia: Lycdcna hctcronca ^ravcaotata is a near-endemic (actualK', most of the Spcycha species
on liall Mountain show local peculiarities,
which, however, are less consi^icuous than
the melanism of S. atlantis).
2. Regional Rarities
Species rare and local in northern (California that occur in the
study area include Incisalia fotis, Mitoura
spinetonnn, Lycaena arota, and Erynnis
Ibis launa of

—

is

—

relatively

common

Trinities but flies (}uite late, as here;

it

in

the

seems

rare elsewhere in the region). Poly^onia
faunus rusticus is rare throughout its range;
Glaucopsyche piasiis nearly so.

Intermediate or Transitional Populations.
Lycaena xanthoidcs-cditha- Hespe3.

—

phoehus

ster-

McD., Pontia sisyud)hi Bdw, and Euchloc hyantis Edw. Callophrys lemberti
Tilden and Philotes battoides Behr may also fit
nitzkyi

in this categor>',

icelus (L. a rota

—

Suitable habitats are clearly not present for

though potential host plants

are present.

Discussion

.

Westward

with
sara.

7b. Species of Special Habitats Apparently
Absent or Too Isolated.
Lycaena mariposa
Heak. is common at the edges of boggy meadows in the Lodgepole Pine zone farther west
(Trinities and Eddies, Scott Mountains). Perhaps the meadows on Ball Mountain are insufficientb bogg> The host plant remains unpublished but is reported to be Vaccinium

—

.

(G. Pratt, in litt.) This plant is not
recorded on Ball Mountain. Euphyes vestris
Bd\'. has been found in several isolated boggy

spp.

meadows
Its

Mountain Summit Bog).

(e.g., Scott

host plant, Cyperus, occurs near Little

Shasta

Meadow, but

the colony

is

perhaps too

small and isolated to support the skipper.

—

These in7c. So Apparent Explanation
clude Chlosyne palla Bdv., Satyrium fuliginosum Edw., S. sylvinus Bdv., S. californica
Edw., Incisalia iroides Bdv., Philotes enoptes
Bd\., Thorybes mexicana nevada Scud./
aemilia Skin., and Polites sabuleti Bdv. Sev.

eral of these are regionally rare or local (fuligi-

nosum. sylvinus, californica,
lites

sabuleti

is

the

single

butterflv in the Trinities

iroides).

inost

But Po-

common

and Eddies (Shapiro,
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1979.
as

Does HespenajMfoa(Hesperiidae) hibernate

an adult?

J.

Lepid. Soc. 33: 258-260.

Shapibo, a M., C. a Palm and K. L. Wcislo. 198L The
ecology and biogeography of the butterflies of the
Trinity Alps and Mount Eddy, northern California.

J.'

Res. Lepid. 18: 68-152.

Tilden,

J.

W. and D.

flies

347
H. Huntzinger. 1978.

The

of Crater Lake National Park, Oregon.

butterJ.

Res.

Lepid. 16: 176-192.

Williams, F X 1909. The butterflies and some of the
moths of the Mount Shasta region. Ent. News 20:
62-75.

COMPARATIVE HABITAT AND COMMUNITY RELATIONSHIPS OF AT RIP LEX
CONFERTIFOLIA AND SARCOBATUS VERMICULATUS IN CENTRAL UTAH

'

Jack D. Brotherson', Lars L. Rasmussen', and Richard D. Black'

—

Abstract.
Thirty-four study sites were estabhshed in shadscale {Atriplex confertifolia [Torr. & Frem.] Wats.) and
greasewood {Sarcobatus vermiculatus [Hoov. Torr. in Emory) communities bordering Utah Lake in central Utah.
Differences in species composition, vegetation, and soil characteristics were assessed. Significant differences in soil
factors between the two communities were found for sand, calcium, manganese, zinc, and copper. Soluble salts and
sodium concentrations were generally higher in the greasewood type, but differences were not significant. Major
differences were found in imderstory species, with burr buttercup (Ranunculus testicidatus Grantz) showing significantly greater cover in the shadscale community and cheatgrass (Bromus fecforum L.) showing significantly greater
cover in the greasewood community.

Shadscale (Atriplex confertifolia [Torr.

ik

Frem.] Wats.) and Greasewood (Sarcobatus
vermiculatus [Hook.] Torr. in Emory) are
dominants of plant communities that cover
vast areas of the Great Basin and are thus
important components of our western rangelands. Recent research on these species has
considered soil moisture relationships (Branson et al. 1976), evolution (Stutz 1978), phenology (roundy et al. 1981, Everett et al.
Feld-

1980),'

faunal associates (Csuti 1979,

hamer

1980), grazing effects (Fetcher 1981),

physiology (Caldwell et al. 1977), production
(Van Epps et al. 1982), and successional relationships (Vasek and Lund 1980, Wallace and
Romney 1980). However, there is a lack of
information from central Utah concerning differences in community and habitat requirements of shadscale and greasewood. The purpose of this study was to compare habitats of
shadscale and greasewood dominated sites in
central Utah. Such information is valuable
when attempting to manage those species in
relationship to their use as forage for sheep on
our winter ranges.

Study Area
were sampled in
shadscale and greasewood communities bordering Utah Lake, Utah (Fig. 1). Fifteen sites
were studied in shadscale communities and
nineteen in greasewood communities.
Thirty-four study sites

Fig. L Map showing the location of the 34 study
near Utah Lake in central Utah.

sites

Shadscale communities are generally located on the west side of Utah Lake below the
sagebrush zone and above or parallel to the

Department of Botany and Range Science, Brigham Young University, Provo, Utah 84602.
"Ellensburg District OfFice, Soil Conservation Service, Ellensburg, Washington 98926.
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greasewood zone. The overstory component
community is dominated by shadscale.
The understory is composed primarily of two
introduced species, burr buttercup {Ranunculus testiculatus) and cheatgrass (Bromus

Three soil samples were taken in each
macroplot (from opposite corners and the center) from the top 20 cm of soil and later combined for laboratory analysis. This depth was
considered adequate based on Ludwig's re-

tectorum).

sults (1969), which showed that the surface
decimeter of soil yields 80% of the information
useful in correlating plant response with concentrations of essential mineral nutrients in
the soil. Studies by Holmgren and Brewster

of this

Greasewood

communities

found
around the entire perimeter of Utah Lake but
are best developed along the western shore.
Overstory in this community is dominated by
greasewood, and the understory is dominated
b\ burr buttercup and cheatgrass. Both community types serve as winter range and spring
lambing areas for several thousand head of
sheep each year.
are

Climatic conditions at the study sites are
characterized by hot dry summers and cold
winters. Average annual precipitation varies
from 190 to 290 mm, with 60% falling in the
winter and early spring months. The hottest

month of the year is July, with an average of 33
C; the coldest month is January, with an average of 3 C. The frost-free period for the area
ranges from 132 to 170 davs (Swenson et

al.

1972).

showed that greater than 50% of
the fine roots are found in the top 15 cm of soil
profiles in desert shrub communities in western Utah.
(1972) also

Soil samples were analyzed for texture
(Bouyoucos 1951), pH, soluble salts, mineral
composition, and organic matter. Soil pH was
determined with a glass electrode pH meter.
Soluble salts were determined with a Beckman electrical conductivity bridge. Exchangeable calcium, magnesium, potassium,
and sodium were extracted from soils with

DTPA (diethylene triamine-penta-acetic acid)
(Lindsay and Norvell 1969). A Perkin Elmer
Model 403 atomic absorption spectrophotometer was used

Methods
Study areas were selected to represent a
range of environmental conditions in shadscale and greasewood communities of central
rtah. Once a site was located, a 10 x 10 m
iiiacroplot (0.04 ha) was randomly located
uithin each area. Elevation, percent slope,
slope position, and soil erosion were noted for
each site. Each plot was subsampled with 20
().25m" (}uadrats (microplots) stratified across

the macroplot in five rows of four quadrats
each. Data

were taken during Mav and June

1980.

Total living cover, plant cover by

life

form,

exposed rock, and bare ground were
estimated at each microplot following ocular
procedures suggested by Ostler (1980). Cover
ol individual plant species encountered was
also estimated using cover class categories
suggested by Daubenmire (1959). All species
occurring within a macroplot but not in any
microplots were listed and given a percentage
cover value of 0.01. All species encountered
were classified as to life form, longevity, and
whether native or introduced in the Utah
litter,

flora.

to

determine individual ion

concentrations (Isaac and Kerber 1971). Phosphorus was extracted with sodium bicarbonate (Olsen et

al.

1954). Nitrogen analysis

made using macro-Kjeldahl procedures

was

(Jack-

son 1958). Organic matter was estimated from
total carbon using methods described by Allison et

al.

(1965).

Means, standard deviations, and coefficients of variation were determined for each
biotic or abiotic variable across the 34 sampling plots. Prevalent species were determined following Warner and Harper (1972) on
the basis of cover values. One-way analysis of
variance was used to detect significant differences between the two communities with ref-

erence
t-test

to 18 different soil variables. Student's

was used

to detect significant differ-

and biotic factors
between the two communities. Taxonomic
ences

in site characteristics

determinations for all plant species included
in our study follow Arnow et al. (1980).

Results and Discussion
Significant differences

between

factors of

the shadscale and greasewood communities
near Utah Lake existed for only two of the
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Table 1. Means, standard deviations, and coefficients
greasewood communities around Utali Lake (N = 34).

of \ariation
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Table 3. Means, standard deviations, and coefficients of variation
communities (N = 34).
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Table 4. Means, standard deviations, and coefficients of variation of observed
grcasewood communities.
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soil fiictors.

355

,

Great Basin Naturalist

356

related to the gradient factor in question. In
some cases, patterns in species distribution

may

also relate to patterns in a

Buchanan, B A

the germination and growth of various grasses and
forbs in vitro

in soil.

Great Basin Nat. 38: 90-96.

B Osmond, and D. L. Nott 1977. Four
carbon pathway photosynthesis at low temperature in

Shadscale showed rather narrow ranges of

other gradients. Greasewood showed rather
broad tolerance ranges across all the gradients

and

M M C

Caldwell,

,

cold tolerant Afrip/e-v ssp. Plant Physiol. 60: 157-164.

distribution with respect to the micronutri-

ents (zinc, iron, manganese, and copper) but
generally grew across the full extent of all the

K T Harper, and N C Frischknecht.

.

1978. Allelopathic effects of burr buttercup tissue on

complex of

habitat factors rather than to any single factor.

Vol. 46, No. 2

CsTUi,

B A

1979. Patterns of adaptation and variation in the

Great

Kangaroo

Basin

Rat

Dipodomys-microps.

Univ. California Publ. Zool. HI: 1-73.

Daubenmire, R 1959. A canopy coverage method of vegetational analysis. Northwest Sci. 33: 43-66.
M Romney. 1980.
Socioecological and soil plant studies of the natural
vegetation in the northern Mojave Desert-Great

El-Ghonemy, a a A Wallace, and E
,

(Fig. 3).

To

further elucidate the relationships asso-

ciated with the observed distribution patterns

Basin desert interface. Great Basin Nat.

of the four species (burr buttercup, cheat-

73-88.

and greasewood), we computed species preferences indicies (Skougard
and Brotherson 1979) for these species in congrass, shadscale,

erence indicies for

texture (sand

soil factors,

,

1980.

D

4:

Brun-

Plant phenology in galleta {Hilaria

shadscale {Atriplex confertifolia), and

omingensis) associations.
446-450.

salts,

J.

Range Manage.

33:

G a

Feldhamer,

affecting

phosphorus, calcium,
sodium, potassium, iron, manganese, zinc,
and copper. Whether these differences are of
sufficient magnitude to be causal with respect
to the observed differences in the distribution

and A

Mem.

galleta-sagebrush (Artemisia tridentata ssp. wy-

all

and fines), soluble

R L P T Tueller, J B

ner

jamesii),

measured soil factors (Table
As shown, the species show different pref-

junction with
6).

Everett,

Davis,

mammals

1979. Vegetative and edaphic factors
abundance and distribution of small
in southeast Oregon, USA. Great Basin

Nat. 39: 207-218.

N

Fetcher,

Effects of grazing

1981.

on cold desert

simulation model based on relative
growth rate. Ecol. Model 13 (1-2): 49-86.
shrubs:

a

Fireman, M and H E Hayvvard 1952. Indicator significance of some shrubs in the Escalante Desert,
,

patterns of these species

is

not clear.

How-

and in
magnitude that,

ever, the differences are detectable

some

cases are of sufficient

when coupled with

the other evidences dis-

cussed in this paper, they aid us in better
understanding that differences do exist in the

Utah. Bot. Gaz. 114: 145-155.

Hesse, P R. 1971. Textbook of soil chemical analysis.
William Clowes and Sons, Ltd., London. 520 pp.

Holmcren.RC and S F Brewster

Isaac,
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TREES USED SIMULTANEOUSLY AND SEQUENTIALLY
BY BREEDING CAVITY-NESTING BIRDS
Kevin

Abstract.

— We characterize

J.

Gutzwiller'

and Stanley H. Anderson'

"

14 trees used simultaneously and sequentially by breeding cavity-nesting birds in

Wyoming cottonwood communities. Our descriptions can be used as a management resource to enrich the diversity of
breeding assemblages of these bird species.

During our three-season (1982-1984) study
along the North Platte and Laramie rivers
between Guernsey and Fort Laramie in Platte
and Goshen counties, Wyoming, we observed
various bird species nesting in decayed substrates (trees, limbs, or boles) that were simultaneously or previously occupied by other
breeding hole nesters. These observations
highlight behavioral

phenomena that increase

species richness and density in breeding communities of cavity-nesting birds. Habitat
patches with individual trees that are used
simultaneously or sequentially by several cavity-nesting species have higher species richness and density during the breeding season
than patches without such substrates (Gutzwiller 1985). The cottonwood (Populus) communities we studied (and probably many
other plant communities) would support
fewer nesting individuals and species in the
absence of repeated tree use. In this note, we
characterize nesting substrates associated
with the phenomena of simultaneous and sequential nesting. Our purpose is to provide
habitat information useful to those who wish
to improve species richness and density of
cavity-nesting birds in western riparian cottonwood communities.

Only 14 of 173 (8%) active nest trees received repeated use during the three breeding

seasons;

7

trees

were used simulta-

neously, 4 were used sequentially from year
to year,

and 3 were used seciuentialK within a

single breeding season (Table

1).

We searched

and observed i)ehavior around nests
for a total of appro.ximately 720 h; yet we
detected little intraspecilic and interspecilic

for nests

Wyoming Cooperative

aggression near nest cavities, despite considerable overlap in habitat use (Gutzwiller 1985)

and the close pro.ximity of many nests. Once
we saw a pair of American Kestrels chase an
adult male American Kestrel away from their
cavity. Twice we observed individual Redheaded Woodpeckers enlarging the entrances
of active

species

the latter

pair in each case) attacked the for-

mer continuously, and

neither species nested

in the cavities aftei-ward.

One

other time

we

saw a pair of Red-headed Woodpeckers defending their nest hole by chasing several European Starlings that approached the nest entrance or the branches of the nest tree.

We attribute this general lack of aggression,
in part, to

not

all

an abundance of suitable cavities,
were occupied each year.

of which

Most (159 of

173) (92%) of the nest substrates

we examined were not used more than once or
occupied by more than one species during our
three-season study; those that were used
more frequently (Table 1) were, presumably,
more attractive to various species than other
available substrates. This lack of aggression

among

individuals nesting in close proximity
supports other reports of cavity nesters breeding harmoniousK in similar circumstances
(Hoyt 1957, Reller 1972, Jackson 1978). Short
(1979: 25) explained that "Despite intense aggression between competitors for nesting
sites, such competitors at least occasionally
appear 'satisfied' once they have secured a
nesting site [cavity], and there are many reports of nesting in proximity of usually aggres." Another reasive nest-hole competitors.
son we detected little territorial aggression

Fishery and Wildlife Research Unit, Universit\

"Present address: Department of Statistics, University of Wyoming,

Downy Woodpecker nests;

(a

l„ii
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Structural and floristic attributes of 14 nest trees used simultaneously

birds in southeastern
Bird
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Wyoming, 1982-1984.
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NEW SPECIES OF MENTZELIA (LOASACEAE) FROM GRAND COUNTY, UTAH
Barry A. Prigge'

Abstract.

— A new species,

Mentzelia (Section Bartonia)

Loasaceae (Mentzelioideae) is deis suggested based on the

shitltziortirn, of the

A close relationship with M. multicaulis (Osterh.) Darl. and M. argillosa Darl.
morphology of the flowers, leaves, and seeds.
scribed.

Recent

field

work

in

Grand County

of

southeastern Utah has turned up two populations of an undescribed species of Mentzelia
(sect. Bartonia). This section of Mentzelia
demonstrates considerable morphological di-

taxonomic
on the basis of micromorphological characteristics of the seed and the standard macromorphological characteristics that

many of the diverse and often

walls) that help elucidate the

tial

problems.

and adaptability and has radiated into

versity

character states (radial walls straight or wavy
and number and shape of papillae on tangen-

we

isolated habitats

wide range of substrate,
elevation, and precipitation of the Colorado
Plateau Province of eastern Utah, western
Colorado, northern Arizona, and western

It is

recognize this

new

species.

resulting from the

New

Mexico.

Many

Mentzelia shultziorwn Prigge,
Fig.

species of this section

occur on unusual substrates that are commonly unsuitable for most species because of
textural properties or high concentrations of
evaporites or minerals. Mentzelia is apparently able to exploit these habitats by escaping
intense competition from species that occur

on more suitable substrates. Edaphic factors
and isolation are very important in their speciation and probably account for the many
edaphically restricted, and often locally endemic populations of Mentzelia in the Colorado Plateau Province. It is from such a small,
isolated, unusual substrate that this new species was discovered.

Within Mentzelia species recognition is
based on subtle and technically difficult characters, and in the section Bartonia speciation
has created many permutations of the available character states. This has resulted in

many taxonomic headaches

that standard col-

and herbarium techniques have genbeen ineffective in solving. Scanning

lecting
erally

electron microscopy has greatly facilitated the
delimitation

of taxa by revealing the

mi-

crostructure of the seed coat (Hill 1976), thus
providing two new characters and several
Department

sp. nov.

1

Mentzelia multicaulis (Osterh.) Darl. affine,
latis, foliis
alis seminum 0.20-0.35

mm

sed ab eo

caulinis ovatis vel obovatis, dentibus

non pro-

fundis, diversum.

Rounded, much branched, herbaceous
perennial 20-30 cm tall; branches generally
arching upward; pubescent with glochidiate
and pointed hairs. Cauline leaves obovate,

mm

ovate or elliptic in outline, 10-30 (33)
wide, shallowly toothed at
long, 4-20

mm

margin with 3-4 teeth on each side, cuneate
rounded obtuse
or acute at apex, densely pubescent on both
surfaces with both glochidiate and pointed
hairs, some of which have pustulate bases.
or broadly attenuate at base,

Bracts

linear,

lanceolate

or

oblanceolate;

mm

mm

3.5-11.5
wide; entire or
long; 1.2-2
with 1 or 2 short teeth along margin. Flowers
with pedicels to 2.5
long; calyx lobes 5,
accuminate,
5.4-8.5
long,
deltoid,
2.2-3.0
wide at base, calyx tube 1-1.5
long,
long; petals 5, yellow, 9.2-15.5
2.7-5.2
wide, acute at apex, clawed,
glabrous; the next whorl within the petals of 5
petaloid stamens, broadly obovate to oblancewide,
long, 1.1-3.8
olate, 6.5-9.0
with functional anthers; stamens numerous;
long for the outermost
grading from 9

mm

mm
mm

mm

mm

of Biology, University of California, Los Angeles, C;
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mm

mm
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Fig.

1.

Mentzelia shultziorum flowering branch:

a,

Fruit, b. Flower.
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Fig. 2.

Map

of Utah and adjacent states showing the distribution oi Mentzelia shiiltziorum

species that also occur on similar clay substrates;
(A).

Dashed

whorl

line represents

to 3. 8

M.

mtilticaulis (O),

M.

argillosa (•),

and some other
and M. ptimila

(X),

boundary of the Colorado Plateau Province.

mm long for the innermost whorl;

style

1,

7-9

filaments narrow except sometimes for about

olate,

3 in the outermost whorl which are up to 1.5
wide; anthers 0.7-1.0
long; pistil 1,

persistent

mm

()

M. marginata

mm

mm long. Capsules broadly urce(6.0) mm long and topped by a
calyx, 4.2-5.0 (5.2) mm diam.

4.0-5.5

Seeds lenticular, dark brown or black, 2.3-2.8
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10mm

Fig. 3.

Floral diagram of Mcntzelia shttltzionini representing elements of the tloral vvliorls:

Petaloid stamens, d.

Outermost whorl

of

stamens,

e.

Stamens from outermost

Scanning electron micrograph: a. Whole seed (white bar =
and 2-5 papillae on tangential walls (white bar = 0. 1 mm).

Fig. 4.

walls

mm

mm wide, with a narrow
mm wide, often ridged on one

long, 1.4-3.1

wing 0.2-0.35

or both faces, seed coat cells with straight

and with 2-5 papillae on tangenFlowers from July to Sept.

radial walls
tial

walls.

Type:— Utah. Grand
section of

Hwy

Co.: 7.3 mi S of inter-

128 and Onion Creek

Rd

in

1

mm),

to

b.

a.

innermost whorl,

Seed coat

cells

Sepal, h. Petal,
f,

showing

U

c,

Stvle.

straight radial

Fisher Valley,
air mi NE of Moab; Elev
5,200 ft; T24S, R24E, Sec 19. Shultz ir Shultz
2070. Holotype: UTC. Isotypes: RSA.
Specimens EXAMINED: Utah. Crand Co.:
above Onion Creek, 5,200 ft., 7.1 mi E of
State Hwy 128 on Fisher Ranch Rd (38° 42' N;
109° 15' W), Prigge, Shultz, b Shultz 6644,
,

—

.

h

:

.

Prigge:

April 1986

(LA);

a New Mentzelia

Onion Creek drainage of Fisher V'alley
mi NE of Moab) 7.3 mi ESE of Hwv
Sec 22, T24S, R24E, 38° 42'N, 109° 15'

(11 air

128:

W,

elev 5,200

ft,

Shultz, Shiiltz,

9030 (UTC, LA); 9 mi
pass

NE of Moab,

6

Prigge

NW above

between Castle Vallev and Porcupine

Canyon, T25S, R23E,
Franklin 2201 (BRY).

The

specific epithet

Sec6NW
is

in

1/4,

4,600

ft,

honor of John and

Leila Shultz, students of the botany of the

Great Basin and Colorado Plateau,
this new population of Mentzelia
Mentzelia shultziorum

two locahties

in

is

who found

are like those of A/, purnila (Nutt.) T.

4),

onl\

(Fig. 2).

At

marginata (Osterh.) Thompson

ru7n

of the Moss Back Member of the
Chinle shale, which outcrops locally. It is restricted to steep, sparsely vegetated southfacing exposures on these substrates where

and
and

alluvial

and

Associated

colluvial erosion rates are high.

species

are:

Oryzop.sis

Mentzelia shultziophenetically close to M. niidticaidis

size) characteristics,
is

(perhaps closer to the latter)
probabK^ closely related to these two
species. Chromosome counts and hybridization studies will have to be done to confirm its
A/, argillosa
is

relationship to these two species.

.Acknowledgments
I

in

thank John and Leila Shultz for their help

collecting A/, shultziorum, John Shultz for

the Latin diagnosis,

ogonum and Ephedra

Henry

,

Mentzelia sfiultzionun possesses no characteristics that are not found in other species of
Mentzelia (Sect. Bartonia) in Utah. However,
the combination of characteristics is unicjue,
and its relationships within the section Bartonia are not entirely clear. Seed shape, whic
is lenticular with a narrow wing 0.2-0.35 nun
(Fig. 4),

is

similar to that

oi'

M.

j)inuila

and 2-5 papillae on tangential walls

(Fig.

J.

Thompson

for

and discussions and for
the use of his file of SEM micrographs of
Mentzelia seeds, and Kaye Thome for the
illustration of M. shultziorum
his helpful suggestions

.

LnEK.vri'RE Cited
Ull.l.,

the seed coat cells, which ha\c' straight radial
walls

tan-

leaf (shape

hij-

menoides, Fallugia paradoxa, Atriplex canescens, and Chnjsotlunnniis nauseous. At the
second locality it is on dark red cla\ of the
Moenkopi Formation(?) with Atri))lex. Eri-

wide

wavy and

and cauline

gential wall papillae),

and

strates

Prigge or

winged, seed

(size,

coat cell radial walls straight or

occurs near an old uranium
site on gray clay sub-

first locality it

&

M. pterosperma Eastw. Based on floral (petal
shape, vestiture, and size; petaloid stamens

and vanadium mine

the

& G.

M. multicaulis (Osterh.) Dark and
M. argillosa Dark; the floral parts, which are
of 5 obovate, glabrous petals and 5 obovate,
petaloid stamens (Fig. 3), are like those of M.
multicaulis and M. argillosa (to a lesser extent); and the leaves, which are obovate to
ovate and shallowly toothed, are similar to M.
as well as

presence/absence), seed

known from

Grand Co., Utah
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and phylogenetic signifiseed coat niicroscidpturing in Mentzelia
(Loasaceae) in Wyoming and adjacent western
states. Brittonia 28; 86-112.

H.

J.

cance

1976. Taxononiic
of

UTAH FLORA: JUNCACEAE
Sherel Goodrich'

Abstract— A revision of the rush family, Juncaceae is presented for the state of Utah. Included are 28 taxa in two
genera. Keys to genera and species are provided, along with detailed descriptions, distributional data, and other
comments. No new taxa or combinations are proposed.

This paper is another in a series of works
leading to a definitive treatment of the flora of
Utah. The rush family as represented in Utah
rather small in comparison to some other
families, but plants of the family are abundant
throughout mesic and wet places of the state.
Floral structures are reduced and uniform,
and identification often entails observation of

Juncaceae
Rush Family
Perennial or annual grasslike herbs; stems

is

such minute features as tailed appendages on

However, the taxa seem quite well
marked and mistakes in identification do not
seem so common as in some other families
seeds.

with reduced and uniform floral features, such
as Salicaceae, Apiaceae, or Chenopodiaceae.
Members of the family are more or less

comparable in palatibility to grasses and
sedges, and they are abundant enough to be of
importance to the grazing of domestic livestock and to big game animals.
As in preceding parts of this series, there
are two numbers at or near the end of the
discussion of each taxon. The first number, in
Arabic numerals,

indicates the

number

terete or flattened, not jointed, caespitose or
arising singly or

specimens from Utah seen in the preparation
The second number, in Roman
numerals, indicates the number of specimens
collected bv the author from the state.

Appreciation

is

expressed

basal,

mostly

linear,

nous, rather scalelike, greenish or brownish, 6,
an outer and inner set with 3 each; stamens (3) 6;
pistal 1; ovary superior, with 1 or 3 chambers;
fruit a
11(1).

capsule with

1

Seeds numerous

or 3 chambers.
in

each capsule; leaves glabrous,

sheaths open; bracteoles subtending flowers
entire or lacking

—

Jtincus

Seeds 3 per capsule; leaf blades pubescent
least on margins near base except sometimes

at

in

L. parviflora, sheaths closed; bracteoles sub-

tending flowers entire to lacerate

Luzula

JuNCusL. Rush

Acknowledgments

Juncus

to the curators of

the following herbaria of Utah: Brigham

all

sometimes much reduced or lacking; inflorescence headlike to open
paniculate, subtended by an involucral bract;
branches, heads, and pedicels often subtended
by bractlets; flowers bisexual (ours), sometimes
subtended by bracteoles borne at pedicel apices,
directly below perianth; perianth much reduced, petals and sepals hardly if at all different
and referred to herein as tepals, tepals membra2-ranked, blades

of

of this work.

few together from rhizomes;

leaves sheathing, alternate or

Young

University, Provo; Forest Service Herbarium,
Ogden; Garrett Herbarium, University of Utah,
Salt Lake City; Intermountain Herbarium, Utah
State University, Logan. I appreciate the loan of
specimens from each of these herbaria. These
specimens are the basis of this work.

Perennial or annual grasshke herbs; stems
terete or flattened; leaf blades flat, strongly

when terete sometimes hollow with cross membranes at intervals (septate) or reduced to a bristle or lacking; flowers
as described in family; seeds numerous,
minute, usually apiculate or tailed.

folded, or terete,

Intermountain Research Station, Forest Service, U. S Department of Agricultu
National Forest, Vernal, Utah 84078.
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Ogden, Utah 84401 Present address: Vernal Ranger

District,

Ashley

.
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1.

Plants annual

2

—

Plants perennial

3

2(1).

cm

long

/.

1 cm long; tails of seeds equal to or
longer than body; tepals 5-8
long; capsules blunt and more or less retuse, equal to
or a little shorter than tepals
/. drummondii

mm

bryoides

2-30 cm

Plants

Flowers

(1)

2-5

—

not scapose; inflores-

tall,

in solitary

leaves

6;
/.

hufonius

9(8).

(5.5)

—

in a soli-

10(8).

heads

—

6

seed not tailed

12(4).

well-developed

leal

of most stems with a

le;if

blade well ()\er 10

thick,

—

—
7

Involucral bract about as long or longer than
stem and inflorescence appearing at or below
midlength of plant; stems seldom o\er 1 mm

tains

somewhat

tufted; plants of Uinta

above 2,950 m, rather rare

mm long; uppermost leaf borne on lower
II

Capsules
retuse
at
apex,
completely
3-loculed; panicles mostly less than 2 cm
long; tepals with hyaline margins extending
to apex of acute tip; plants montane, mostly
above 2,380 m
/. confusus
Capsules blunt but not retuse, incompletely

Flowers borne singly, each subtended by 2
pedicels sometimes also subtended by bractlets; tepals with incurved or
hooded tips, 1.5-2.5
long
13

mm

or, if leaves all

6(5).

Moun-

13(12).

Flowers borne in I-many heads, not subtended immediately by bracteoles; pedicels
usually subtended by bractlets; tepals, at
least outer ones, with erect or spreading tips,
as short or longer than above
14
Anthers about 3 times longer than filaments;

J.filifonnvi

capsule ellipsoid-ovoid, equal or slightly ex-

Involucral bract mostly shorter than stem and

ceeding tepals; plants sometimes over 40 cm
tall, known in Utah from a single collection
from a hot spring in Salt Lake County

inflorescence
plant;

..

appearing above

stems often over

mm

1

midlength of

thick,

mostly

aris-

ing singly or few together from robust dark rhi-

zomes; plants widespread
7(5).

Seeds tailed

at

/.

/. arcticus

each end,

tails

—

ers;

20-40 cm tall, known from
Green and Colorado rivers

stem-leaves with blades lacking or reduced

to a bristle or

uppermost

1(2)

with a well-devel-

14(12).

oped blade; plants mostlv found above 2,620 m.
'

Seeds

apiciilate

but not

inflorescence

blades; plants

2,620

m

flat at least

toward base, not terete, not

beyond

tepals

15

Leafblades terete and hollow, if only toward
tip, then sheaths without hyaline margins and
capsules
conspicuously exerted beyond

'

10

compressus

hollow; sheaths with hyaline margins; cap-

—

commonly found below and above

/.

or strongly folded and appear-

sules not exserted

with (1)6-50 or more flowers; some of lower
stem-leaves commonly with well-developed

flood plains of

flat

Leafblades
ing

8
tailed;

gerardii

Anthers scarsely longer than filaments; capsule globose-ovoid, distinctly exserted; plants

1/2 as long to

longer than body; inflorescence with 1-6 flow-

—

tips,

bracteoles;

mm long,

reduced to bladeless sheaths (J
drwnmondii), inflorescence with only 1-3 flowers and seeds tailed

13

Tepals with acute to acuminate erect

long; at least outer tepals with hyaline
margins not extending to acuminate or acuminate-attennuate tip; plants found mostly below 2,380 m
/. tenuis

all

At least uppermost

Tepals, at least outer ones, with incurved or

cm

mm long; inflorescence with 5-75 or more flow-

—

mm

3-l()cuIed; panicles various but often over 2

reduced to bladeless sheaths, upper
ones sometimes with a bristle-tip, this not over 5
ers;

/. hallii

1/3 of stem
11(10).

uppermost blade borne above lower 1/3
of plant or else hollow and septate; flowers borne
in 1 or more heads and not individually subtended by bracteoles; plants mostly with rhizomes (note:/, compressus and/, ^erardii with
leafy stems and solitary', bracteolate flowers are
keyed both ways)
12
Leaves

long;

Capsules oblong, pointed; tepals 5-8
long; anthers 1.5-2
long; filaments only
about 0.3
long
/. parryi

3-5
5

Stems with 2 or more well-developed leafblades,
at least

5(4).

mm

of stem

—

and plants

mostly caespitose except in/, arcticus

—

1

hooded tips, rather obtuse, 1.5-2.5 mm long;
uppermost leaf often borne above midlength

but borne singly, each subtended by 2 hyaline
bracteoles; rhizomes lacking or short

long; anthers less than

4-5

mm

4

Stems with 0-2 (rarely more) leaf blades; blades
borne on lower 1/5 of plant, not hollow, not septate, sheaths sometimes ending in a rudimentar\'
bristle instead of a leaf blade; flowers not in

mm

at apex; tepals

mm

head or plants otherwise different

from above

9

Capsules ovoid, retuse

filaments longer than anthers

.

tary terminal

.

and capsules various

densely tufted, without rhizomes,
3-19 cm tall, infrequent in Uinta Mountains
J thglumis
Flowers either more numerous or not

.

Most of stems with a well-developed leafblade on at least uppermost sheath, lower
sheaths often tipped with a bristle; tails of
seeds equal to or shorter than body; tepals

terminal head;

leaves basal or nearly so, hollow, septate;

4(3).

uppermost and

not over

plants

—

leaves,

.

cence with 1-20 flowers; stamens
0.5-10 cm long
3(1).

Stems with bladeless

often lower sheaths tipped with a bristle, this

Plants 0.5-2 cm tall, subscapose; scapose
stem with 1 flower; stamens 3; leaves not over

0.5

—

8(7).

367

tepals

17

.

;

Ghkat Basin Naiikaus r
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15( 14).

Leaves strongly folded, narrow edge oriented
toward the flattened stem; .scarious margins of
sheaths e.\tending well beyond jnnetnre with
stem, gradually tapering to ineonspieuous auricles or auricles lacking; margins of blade
more or less united beyond .scarious margins

21(19).
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Larger tepals 3-5 nnn long or, if smaller,
then inflorescence with
or rarely 2 heads,
to or conspicuously exceeding cap1

e(|ual

20

sules

—

Tepals 1.5-2.8

mm

long, shorter than cap-

sules; inflorescence with (1)4-25

heads ....

21

J. ensifolius

—

2()( 19).

Leaf blades

flat, flat

surface oriented toward

terete stem; scarious margins of sheaths not

extendingbeyond juncture with stem
16(15).

Seeds
tepals

long, shorter than filaments; tepals purplish
16

l)la(k

—

long or longer than bod\
granular-papillate on back; heads

tailed, tails as

sometimes with more than 10 flowers; plants
known from Duchesne, Wasatch, and Salt
Lake counties
J. rcficllii

—
17(14).

Seeds apiculate but not tailed; tepals smooth
on back; heads with 3-10 flowers; plants
widespread
/. longistylis

—

18(17).

19(18).

—

Seeds not tailed; stamens
plants widespread

6;

ii

tailed or

18

.

19

Capsules rather abruptly narrowed above
into a dehiscent short or inconspicuous st\ lar
ascending to slightly spreading in
heads, or, if spreading in all directions, then
heads solitary; heads light or deep brown to
blackish-purple; rhizomes not as above;
plants from above and below 2,320 m
21

mm long; tepals 4-5 mm long,

with rigid long-acuminate or subulate tips;
wide; capsules
mature heads 10-15
shorter or scarsely longer than tepals; stems
to 6
thick
J. torreyi

mm

mm

—

Auricles 0.25-1

mm long; tepals 2.5-3.5 mm

long, acuminate, tips not so rigid as above;

mature heads 5—12

mm

mm

wide; capsules to ca 1
thick
longer than tepals; stems 1-2

mm

J.

tip;

erect;

plants
/.

alpinus

to or shorter

montane

....

/. (irticidatus

JumusalpintisXiW. Northern RiLsh. Perenplants 3(5-40) cm tall; stems loosely
tufted on ereeping rhizomes, with 1-2 leaves
mostly Iwrne on lower 1/3 or 1/2; leaves
mostly all i)earing well-developed blades;
scarious margins of sheaths prolonged into
auricles, these 0.5-1 mm long; blades terete,
hollow, sepatate, 1-1.5
volucral bract

capsules various;

Capsules tapered almost from base into a
mostly nondehiscent conspicuous st\lar
beak, often divergent in all directions in mature globose or hemispheric head; heads
rarely solitary, greenish or light brown; tepals
acuminate or acuminate-subulate; rhizomes
sometimes swollen and tuberous at nodes;
20
plants found mostly below 2,320 m

Auricles 1.5-5

stifily

nial

bank,

20(19).

Outer tepals acute, about equal

ran-, apprentl\ not

tailed;

.

—

ones; branches of inflorescence

tip; branches of inflorescence
spreading to nearly divaricate; plants rather

stamens 3; capsules conspicuously exceeding tepals; plants known from
one collection in Box Elder Comity
./. tweedii
Seeds

nevadensis

)uter tepals obtuse, mostly longer than inner

tapering to

castanetis

much

projected into auricles; capsules not

iiifrtcnsianus

than inner ones; capsules rather gradually

Leaf blades terete and hollow from collar and
outward, septate; scarious margins of sheaths

any longer than tepals and seeds not
el.se stamens 3; plants widespread

(

capsule rather abruptly rounded at
of low elevations and montane

—

Leaf blades folded to enrolled toward base,
becoming terete and hollow distally; sheaths
without hyaline margins; auricles lacking;
capsules conspiciiousK' exceeding tepals;
seeds long-tailed; stamens 6; plants rare, from
above timberline on Uinta Mountain

J.

Heads (1)2-13, not or liardK glolxjse, with
3-1.3 flowers; anthers 1-2 mm long, longer
than filaments; tepals brown to purplish black
J.

21(19).

y.

Heads 1 or rarely 2, globose or nearly so, with
5-40 or more flowers; anthers 0.5-1 mm

nodosus

1-7(10)

mm
cm

in

diameter;

long,

in-

sometimes

leaflike; inflorescence 0.8-8.5 cm long, rather
openly branched, branches mostly erect or
strongly ascending, with (1)3-25 small heads
long,
or headlike glomerals; heads 3-4(5)
with 2-6 flowers; Ijractlets subtending
branches and heads scarious; pedicels obsolete or less than 1
long; bracteoles lacking;
tepals 1.5-2.5
long, brownish to dark
purple, outer ones usually slightly longer than
the usually more obtuse inner ones; stamens
long, anthers 0.25-0.5
6, filaments ca 0.5
long;
long; styles with stigmas ca 1
long,
capsules 1-chambered, 2.5-3
rather abruptly narrowed to a stylar beak to
0.25
long. Seeps, bogs, margins of lakes
and ponds, and along streams, often on limestone or other basic substrates at 1,524 to
2,800 m in Box Elder, Daggett, Duchesne,
Garfield, Kane, Uintah, and Wayne counties;
Alaska to Newfoundland and south to Washington, Colorado, and Quebec; 21 (vi). Some
specimens are rather difficult to distinguish
from those of/, articulatus

mm

mm
mm

mm

mm
mm

mm

mm
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Juncus articulatus L. Jointed Rush. Peren17-36 cm tall; stems loosely to
rather densely tufted, from short stout or prolonged rootstocks, with 2-4 leaves, upper leaf
often on upper 1/2 to 3/4 of stem; mostly bearnial plants

ing well-developed blades, sheaths with scarious margins prolonged into auricles ca 1
long, blades

0.5-2

mm
mm wide, terete, sepetate;

involucral bract 1-3.7

cm

long; inflorescence

1.5-7 cm long, openly branched, branches
ascending to divaricate, with 4-25 small
heads; heads with (2) 5-10 flowers; bractlets
subtending branches and heads scarious;
long;
pedicels obsolete or less than 1
long,
bracteoles lacking; tepals 2-2.8
mostly all acute, equal or inner ones slightly
longer than outer ones, greenish or purplish
with conspicuous scarious margins, often
minutely granular scabrous on back; stamens
long, anthers 0.5-0.7
6, filaments ca 0.5

mm
mm

mm

and stigmas ca 1 mm long;
capsules 1-chambered, 2.8-3.8 mm long,
gradually tapered to a stylar beak to 0.25 mm
long; seeds 0.4-0.5 mm long, apiculate.
Along streams, sand bars of rixers, around
ponds, and in wet lowland meadows at 1,220
to 1,710 m in Grand, San Juan, Tooele, and
Utah counties; British C'olumbia to Newfoundland and south to .Arizona and West \ irginia, and Eurasia: 5(1).

mm

long; styles

nigrass [J. haltimontanu.s Engelm.; J. halticus var. idllicola Rydb.].
Perennial plants 20-105 cm tall; stems terete
in diameter,
or slightK' compressed, 1-5

Juncus arcticus Willd.

cus Willd.;

j.

\\

halticus var.

mm

arising singly,

2-3

together, or rather tightly

clustered, from robust dark

brown

or blackish

diameter; lea\ es reduced
to bladeless sheaths, sheaths confined to
lower 1/5 of plant, entire or occasionalK
tipped with a tin\ bristle; involucral bract
(2.5) 4-23 cm long, appearing as a continua-

rhizomes

to 5

nun

in

0.5-15 cm long,
congested and headlike with few (ca 5) flowers
to open paniculate with up to 75 or more
flowers; bractlets subtending branches and
pedicels scarious; pedicels nearK obsolete or
to 8 mm long; bracteoles subtending flowers
ovate or nearly so, scarious; tepals 3.5-5 mm
long, acute to acuminate, pale to dark brown,
outer ones often a little longer, more sharpK
pointed and with darker margins than the usuallv more rounded, often broadlv scarioustion of stem; inflorescence

369

margined inner ones; stamens

filaments ca

6,

mm long, anthers 1.4-2. 1 mm long; styles
and stigmas to ca 3 mm long; capsules 3-4 mm
long; seeds ca 0.6-0.8 mm long. Margins of

0.5

ponds and

lakes, along streams

and

rivers, in

nonalkaline meadows, seeps,
springs, marshes, and swamps at 925 to 2,590
in all Utah counties except Morgan;
(3,050)

alkaline

to

m

circumboreal, widespread in western North
America, Eurasia; 150 (i). Juncus arcticus
forms a highly variable complex. It seems best
to await further monographic work for disposition of infraspecific taxa.

Juncus bryoides F. J. Hermann Minute
[y. hcllo^ii Engelm. in a broad sense].
Annual plants ca 0.5-2 cm tall; scapose stems
Rush.

mm

0.1-0.15
thick; leaves basal or
mostly less than 1/2 as long as
stems, flat or channeled, with scarious marwide; inflorescence of a
gins, not over 1

capillary,

nearly so,

mm

solitar>'

terminal flower, this subtended by

mostly 2 scarious bracteoles; tepals 1.5-2

stamens

long, acute, about equal;

3,

mm

filaments

mm

mm

long;
long, anthers ca 0.2
capsules shorter than tepals; seeds 0.3-0.4

ca 0.4

mm

long.

obscureK- apiculate.

pine, aspen, and mountain brush

Ponderosa

communi-

apparently mostly on moist or spring-fed
sandy soil or sandstone or ({uartzite at 2,400 to
2,550 m in Daggett, Salt Lake, Sevier, and
I'intah counties; (California to western Golorado; 5 (0). This small plant is easily overties

looked and

is

probabK more widespread than

few collections indicate.

Juncus hufoniusL. Toad l^ush. \J. hufonius
sphaerocarJ. Herm.;/.
pus misapplied]. Tufted annual plants, 2-30
cm tall, from few to numerous fibrous roots;
stems few to man\'; leaves basal and cauline or
\ar. occidcutalis F.

all

basal in small plants,

some

of basal ones

bladeless, margins of sheaths hyaline but not

mm

projected into auricles, blades 0.2-1
wide, in\ olute or channeled; involucral bract
to 3.5 cm long, filiform and leaflike, or scarious,

much reduced and hardK

bracteoles

0.6-12

cm

in

small

plants;

different

from

inflorescence

long, often 1/4-4/5 the height of

1-20 flowers; flowers borne singly
and sometimes rather remote; bractlets of
nodes scarious, often aristate; pedicels obsoplant, with

lete or less than

1

mm

long; bracteoles sub-

tending flowers scarious, usually ovate; tepals
3-6(8) mm, lanceolate, acute to acuminate,

.
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inner ones shorter than and not as pointed as
outer; stamens 6, filaments 0.7-1

mm

long,

mm

anthers 0.3-0.8
long; styles less than 1
long; capsules incompletely 3-loculed,
3-4
long, ca 1/2 as long to nearly
equalling the tepals, subglobose to cylindricovoid; seeds 0.3-0.5
long, scarcely apiculate. Moist or wet soil of rocky drainages,
ephemeral pools, along streams and rivers,
margins of ponds and lakes, hanging gardens,

mm

mm

mm
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blades 0.5-1.2

scarious aricles,

more

cm

mm

wide,

2-15
3-15 cm long,
with ca 12-80

or less channeled; involucral bract

long, leaflike; inflorescence

congested to open paniculate,
flowers, these borne singly; bractlets subtending branches of inflorescence similar to
but smaller than involucral bract, or upper
ones scarious and much reduced; pedicels obsolete or to 3

mm

long; bracteoles of flowers

rounded

below, becoming channeled toward middle,

to broadly acute; tepals
1.5-2.2
long, slightly coriaceous and incurved at tip, especially outer set; stamens
with filaments ca 1
long and anthers ca
0.5-0.7
long; styles ca 1
long; capsules 2-2.5
long, subglobose, obtuse, exceeding tepals; seeds ca 0.4
long, apiculate at both ends. Sand bars, mud flats,
swamps, and riparian communities along
flood plain of the Green and Colorado rivers at
in Daggett, Emery,
1,220 to 1,675
Grand, and Uintah counties; Montana to Utah

and

and east

and wet meadows,
ties at

in

1,135 to 2,850

many

m

plant

in all

communi-

Utah counties

except Iron; cosmopolitan except in tropics
and extreme Arctic; 93 (viii).

Juncus castaneus

].

E. Sm. Chestnut Rush.

Perennial plants, stems arising singly or 2

to-

gether from slender, rather long rhizomes,
7-22 cm tall; leaves extending up to upper
1/3-4/5 of stem, sheaths without hyaline margins, auricles lacking, blades strongly folded

terete, hollow,

and septate toward

involucral bract 1.5-3.5

cm long,

scarious

tip;

and

broadly expanded below, prolonged into an
involute

tip;

inflorescence 1-7

cm long,

of 1-4

heads ca 5-10 flowered,
bractlets subtending pedicels scarious like the
involucral bract but not with a prolonged in-

compact heads,

volute

tip;

pedicels

2-4

mm

long; bracteoles

subtending flowers lacking; tepals 4-7

mm

long at anthesis, linear-lanceolate, acute or
inner ones somewhat obtuse, chestnut-col-

ored or purplish brown; stamens 6, about 1
shorter than tepals at late anthesis, filaments ca 3
long, anthers ca 1
long;

mm

styles ca

6-10

mm
mm

2-3

mm

long,

mm

long; capsules 1-loculed,

elongate,

well

exceeding
beak ca

tepals, gradually tapering into a stylar
1

mm

long; seeds

2.5-4

mm

long, strongly

longer than body. Wet alpine
communities in Wasatch Plateau and Uinta
tailed,

tails

Mountains in Sanpete and Summit counties;
circumboreal and south in mountains of western North America to New Mexico; 2 (i). The
leaf blades are folded toward base and are thus
similar to those of/, ensifolius, but sheaths
are without scarious margins that are so
prominent in those of/, ensifolius

Juncus cotnpressus Jacq. ('aespitose perennial plants from thickened short rootstocks
and fibrous roots, 20-40 (60) cm tall; leaves on
lower 1/2 of or extending well up on stems,
scarious margins of sheaths terminating in

scarious,

mm

mm

mm
mm

mm

mm

mm

Nova

to

Scotia,

and Eurasia, most

introduced in western United States
and probably in the East; 8 (i).
likely

Juncus confusus Gov. Densely caespitose,
perennial plants from fibrous roots, 8-52 cm
tall;

leaves l)asal or borne on lower 1/4 of

stems,

2-4

upper

blades, these 0.5-1.3

with well-developed
wide, mostly nar-

mm

rower than stems, channeled or involute, hyaline
margins of sheaths projected into
rounded auricles; involucral bract 1—13 cm

mm

wide, slender, with a
decurrent auricle; inflorescence
0.8-2 cm long, with (1)3-40 flowers, congested but flowers born singly and not in
heads; bractlets subtending pedicels scarious
or lowest one similar to but much smaller than
long, less than 1

scarious

the involucral bract; pedicels nearly obsolete
or to ca 2

mm

long; bracteoles 2 or these

subtended by additional smaller ones borne
on the pedicel; tepals 3-5 mm long, ellipticlanceolate or lanceolate,

acute to broadly

acute, with conspicuous hyaline margins ex-

tending to tip, about ecjual or inner set slightly
shorter; stamens to ca 1.7
long, anthers
0.5-0.6
long; caplong; styles ca 1
sules 3-loculed, 3-4
long, subecjual to
tepals, retuse at apex; body of seeds ca 0.4
long, more or less blunt at apex with a bent
apiculate tip from one side. Ponderosa pine,
aspen, lodgepole pine, Engelmann spruce,
dry and wet meadow, and streamside-willow

mm
mm

mm

mm

mm
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communities at (2,070) 2,340 to 3,110 m in
Box Elder, Cache, Daggett, Duchesne,
Garfield, Iron, Juab, Morgan, Salt Lake, SanUtah,
Uintah,
Summit,
Sevier,
pete,
Wasatch, and Washington counties; British
Columbia to Saskatchewan and south to California and New Mexico; 50 (xv).
Juncus drummondii E. Mey. in Ledeb.
Densely caespitose perennial plants from fibrous roots, 8-40 cm tall; stems terete; leaves
mostly on lower 1/4 of stem, reduced to
sheaths or uppermost sheath mostly with a
bristle-tip (much reduced blade), this 1-10
mm long or rarely longer, upper sheath
slightly bilobed and scarious at apex; involucral bract 1-4 cm long, shorter than or exceeding inflorescence by 2 cm, terete, with
decurrent auricles; inflorescence
with (1) 2-3 flowers, flowers
borne separately on pedicels 1-15(20)
scarious

0.8-2(3)

371

leaflike

and up

to 5

cm

inflorescence; inflorescence

3-90

with

(2)

light

green to

to

acute outer ones; stamens 3 or

mm

mm

mm

m

Duchesne, Garfield, Grand, Juab, Piute, Salt
Lake, Sevier, Summit, Uintah, Utah, and
Wasatch counties; Rocky Mountains from
Alaska to

New

Mexico; 76

(iv).

Juncus ensifolius Wikstr. Swordleaf Rush.
Perennial plants 21-72 cm tall; stems flattened, arising singly or loosely to rather
densely tufted, from creeping rhizomes;
leaves clustered on lower 1/2 of stems, but

upper one usually borne near or above midlength of stem, strongly folded and flattened, narrow ventral edge facing stem, with
broad scarious margins of sheaths extending
onto blade, hardly if at all projected into auricles, blades more or less closed above scarious
margin, partly to completely septate in closed

scari-

6,

filaments

about equal to anthers, these 0.4-1.3 (1.5)
long, styles 0.5-1.5
long; capsules
3-loculed, rounded toward tip, equal or a
little longer than tepals, body of seeds 0.4-0.6
long, with or without tailed appendages
to 0.2
long at either end. There are three

mm

mm

mm

mm

varieties as follows:
1.

Stamens

3; plants rare in

Stamens

6;

Utah
J ensifolius var. ensifolius
.

2.

common

2

perhaps more, mostly 3-8
thick, with ca 4-12 flowers; seeds with apicu-

Heads

mm

plants

(5)

10-60

(90) or

Utah speciCanyonlands section of

late tails, or tails rarely lacking (in

mens); plants

common

in

the state, and wholly intergrading into the following variety throughout

mm

mm

and pedicels

1

shorter and slightly less pointed than the

mm

2-4
long, these
broadly acute; tepals 5-8
long, equal or outer set slightly longer, narlong, anthers ca
rowly acute; stamens ca 2
2-3 times longer than filaments; styles ca 2
long,
long; capsules 3-loculed, 5-7
about as long or a little shorter than the sepals,
long,
retuse at tip; body of seeds ca 1.5-2
appendaged on both ends, appendages as long
or slightly longer than body. Lodgepole pine,
spruce-fir, wet and dry meadow, and alpine
communities, in wet to dry rocky places at
in Box Elder, Daggett,
2,940 to 3,475
bracteoles

rounded

long,

mm long; bracteoles lacking; tepals 2.3-4 mm long, inner ones slightly

ous; pedicels to ca

enveloped in scarious bractlets, lowest
bractlet sometimes similar to but shorter than
involucral bract, each flower subtended by 2
scarious

cm

1-17

more heads, heads
nearly black, with 4-25 flowers;
or perhaps

bractlets subtending heads

mm —

subtended by and partly

to

long, but shorter than

cm long,

long, pedicels often

much reduced

portion; involucral bract

much

of state
/ ensifolius var. brunnescens
.

—

Heads 2-10 or

rarely more, mostly

8-15

mm

with ca 10-15(25) flowers; seeds with or
without apiculate tails; plants state wide and over a
wide elevational range, but more common in
mountains and in Great Basin than preceding varithick,

ety

7

.

ensifolius var.

montanus

Var. forunnescens (Rydb.)Cronq. [/. brunnescens Rydb.; /. saximontanus f brunnescens (Rydh) F .] Hermann;/, tracyii. utahensis{K F. Martin) F. J. Hermann;/, utahensis
R. F. Martin]. Along rivers, streams, ditch
banks, around seeps, springs, ponds, lakes,
and in hanging gardens, marshes, meadows,
.

and bogs at 1,065 to 2,450 (2,740) m in
Beaver, Duchesne, Emery, Garfield, Grand,
Iron, Kane, Rich, San Juan, Sanpete, Sevier,
Summit, Uintah, Utah, Washington, and
Wayne counties, and intergrading into var.
montanus in nearly all counties of state; nearly
throughout range of var. montanus, but more
common southward especially in Arizona and
the only phase in Texas; 145 (v). See discussion under var. montanus.
Var. ensifolius Wet places in mountains in
Daggett, Salt Lake, Tooele, and Uintah counties; Alaska to northern Mexico and east to
Alberta and Arizona, 4 (i). The few specimens
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from isolated stations in Utah with only 3 stamens per flower could be nothing more than
odd specimens of var. montanus. However,
to north of our area this is a common phase.
Var. montanus (Engelm.) C. L. Hitchc.

[/.

montanus Engelm.; /. saximontanus A. Nels.;/. tracyi Ryclh.]. In meadows, along streams and rivers, about seeps
and springs and other wet places at (853) 1,830
xiphioides var.

to 3,100 m in all counties of state; Alaska to
southern California and east to Saskatchewan
and New Mexico; 128 (v). In the study of
numerous specimens seen from the state, the

following trends

were noted:

(1)

Most plants of

the lower elevations in the Canyonlands Section are rather easily assigned to var. hrunncs-

cens, and they mostly have apiculate-tailed

styles
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and stigmas

less

sules 3-loculed, ca

than

2-3

mm

1

mm

long; cap-

long, greenish,

ovoid to obovoid, abruptly tapered to a short
stylar beak; seeds 0.4-0.6
long, minutely
winged-apiculate at both ends. Wet subalpine
meadows and along streams in Uinta Mountains at 2,990 to 3,200 m in Summit, Uintah,
and Wasatch counties; Alaska to Labrador and
south to Utah and West Virginia; 10 (iv).

mm

Juncus gerardii Lois. Black Grass; Mud
Rush. Perennial plants 15-80 cm tall; stems
somewhat tufted on slender dark rhizomes;
leaves rather scattered on stems, upper ones
usually borne on upper 1/2 of stem, lower
ones bladeless or with reduced blades, upper
blades flat, 1.5—3
wide; inflorescence
with several to many flowers; flowers borne

mm

and subtended by scarious bracteoles,

seeds. (2) Plants of the Great Basin are often

singly

referrable to var. montanus, and they have

nearly sessile to long-pediceled; tepals 2-3.5

apiculate but rarely tailed seeds,

(3)

Through-

mm

long,

brown with a greenish
hooded at tip;
anthers ca 1.5 mm long, ca 2-3
dark

out the plateaus and mountains that run
through the center of the state and in the

midstripe, blimt and usually

Uinta Mountains, there are plants of both varieties and numerous intermediate plants,
and seeds are commonly with or without tails
in both varieties as well as in intermediate
plants. Color phases of the inflorescence (pale
green to purplish black) are also found in both
varieties and in intermediate plants. Perhaps
outside Utah the picture is somewhat clearer,
but Utah seems to be near the center of where
the two varieties overlap. More than 25% of

times longer than filaments; capsules ovoid to
obovoid, rounded, about equaling but a little
shorter than tepals; seeds 0.5-0.6
long,

the Utah specimens examined appeared to be

stamens

6,

mm

tapered end, nearly truncate-apiculate at other end. Becks Hot Spring
in Salt Lake County (Flowers sn 24 Sept. 1924
UT). The population is not likely existing because the area is now part of Interstate 15;
slightly apiculate at

Eurasia, Atlantic and Pacific coasts in North

America, and sporadic inland;

1(0).

Engelm. Halls Rush. Perencaespitose plants 20-40 cm tall, from fi-

Juncus

hallii

intermediate.

nial

Juncus filiformis L. Plants perennial, 5-40
cm tall; stems arising singly or in tufts from

brous roots, rhizomes lacking; stems terete, to
ca 1.5
thick; leaves basal and on lower 1/5
of plant, usually only uppermost cauline leaf
bearing a well-developed blade, lower stemleaves bladeless or tipped with a short bristle,
innovations sometimes with well-developed

mm

creeping rhizomes, terete, rarely over 1
in diameter; leaves reduced to bladeless
sheaths, uppermost one often tipped with a
tiny bristle, confined to lower 1/5 of plant;
involucral bract 10-27 cm long, appearing as a
continuation of stem, as long or to over 4 times
longer than stem; inflorescence appearing lateral and on lower 1/2 to 1/10 of plant, 0.5-1(2)
cm long, compact, with ca5-20 flowers, flowers
borne singly; bractlets subtending
branches and pedicels scarious, lower ones

sometimes
or to 4

aristate; pedicels nearly obsolete

mm long; bracteoles scarious, ovate or
tepals 3-4.5 mm long, greenish,

mm

upper side more or less
channeled toward base, not or inconspicuously channeled toward tip, less than 1
wide; involucral bract 0.7-2.5 (7.5) cm long,
scarious and caudate to awned, or elongate
and leaflike, with scarious margins projected
blades; blades terete,

mm

into auricles; inflorescence to 1.7

with

(2)

3-6

flowers;

pedicels

lanceolate, acute to acuminate, subequal or

pedicels 1-8

outer ones slightly longer; stamens
ments ca 0.6 mm, anthers 0.4-0.6

flowers hyaline,

6,

fila-

long;

cm

long,

rather con-

gested, but borne singly; bractlets subtending

oblong;

mm

flowers

scarious,

attenuate

to

caudate;

mm long; bracteoles subtending

tepals 4-5(5.5)

ovate to nearly orbicular;
long, subequal or inner

mm
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ones a little shorter, lanceolate, acute, usually
with greenish centers flanked by purple and
with hyaline margins; stamens 6, filaments
long;
1-1.5
long, anthers 0.5-0.7
long; capstyles and stigmas not over 1
longer
sules 3-loculed, equaling or ca 1
than tepals, triquetrous, retuse at apex, dark
brown to purplish black; body of seeds
0.6-0.7
long, tailed at each end, tails ca
1/2 as long as body. Dry, wet, and boggy

singly or loosely to tightly clustered on long
creeping or short rhizomes, rhizomes sometimes short and stout and plants caespitose
with numerous fibrous roots; leaves basal and
on upper 1/4-3/4 or higher on stems, scarious
margins of sheaths projected into ligulelike
long; blades terete, chanauricles 0.5-2
wide
neled above, hollow, septate, 0.5-2
when pressed; involucral bract 0.8-3.2 cm

and

cence 0.5-1.5 (3.5) cm long, with 1 (2) head(s);
heads with 5-40 or more flowers, to ca 1.5 cm
thick; bractlets subtending heads and pedicels

mm

mm

mm

mm

mm

meadows, margins of ponds and

lakes,

along streams at 2,956 to 3,350 m in Beaver,
Daggett, Duchesne, Garfield, Summit, Uintah, and Wasatch counties; Montana to Colo-

rado and Utah; 13

Juncus

Terr.

in

Emory

Longstyle Rush. Perennial plants 20-63 cm
tall; stems arising singly or few together from
creeping rhizomes, terete; leaves somewhat
crowded on lower 1/2 of stem, but uppermost
one often on upper 1/2-3/4 of stem, scarious

margins of sheaths prolonged into auricles to

mm

flat, not hollow, not
wide; involucral bract 1-4
cm long, about equaling or shorter than inflorescence, mostly scarious, rarely leaflike, narrowly attenuate to caudate; inflorescence
1-7.5 cm long, usually with (1) 3-13 heads,

ca

1

septate,

long, blades

1-3

mm

heads with 3-10 flowers; bractlets subtending
heads and pedicels scarious, acute to caudate;
long, concealed in scaripedicels to ca 2

mm

mm

long, acute to
ous bractlets; tepals (4)5-6
acuminate, often purplish with greenish center and broad whitish or silvery hyaline margins;

mm

long,
stamens 6, filaments 0.5-1
long; styles 1-2
(1) 1.3-2

anthers

mm

mm

mm

long; capsules
stigmas ca 2
3-loculed, shorter than or rarely equaling
tepals, rather abruptly tapered to or retuse at
stylar beak, brownish or purplish black; seeds
long;

ca 0.5

mm

long, apiculate at each end.

Wet

meadows, along streams and rivers, about
seeps and springs and other wet places, occasionally in alkaline places at 1,380 to 3,350

m

Box Elder, Cache, Daggett, Duchesne,
Emery, Garfield, Grand, Kane, Millard,
Morgan, Salt Lake, San Juan, Sanpete,
Sevier,
Summit, Tooele, Uintah, Utah,
Wasatch, and Wayne counties; southern
Canada, Washington to South Dakota and
south to California and New Mexico; 100 (viii).
Juncus mertensianus Bong. Mertens Rush.
Perennial plants 13-42 cm tall; stems arising

in

mm

long, rarely leaflike, often caudate; inflores-

scarious, acute to caudate; pedicels to ca

long; bracteoles lacking;

(xi).

longistylis

mm

tepals

2.5-4

1

mm
mm

long, acute to acuminate, blackish puqile; sta-

filaments 1-1.3 mm long, anthers
mm long, shorter than filaments; styles
mm long; stigmas to 1 mm long; capsules

mens

6,

0.5-1
to 1

1-chambered, triquetrous,

slightly to con-

spicuously shorter than tepals, abruptly tapered to or slightly retuse at stylar beak, often
as blackish

mm

purple as tepals; seeds 0.5-0.7

long, apiculate but hardly tailed.

Wet

meadows, along streams, about seeps and
springs, margins of lakes and ponds, and Engelmann spruce-lodgepole pine, and tundra
communities at 2,435 to 3,415 m in Box Elder,
Cache, Duchesne, Garfield, Iron, Juab,
Piute, Salt Lake, San Juan, Sanpete, Sevier,

Summit, Uintah, Utah, and Wasatch counAlaska and Yukon south to southern California and South Dakota; 83 (vi).
Juncus nevadensis Wats. Nevada Rush. [/.
badius Suksd.]. Perennial plants 12-35 (53)
ties;

cm

stems more or less terete, arising
few together from creeping rhizomes; leaves basal and on upper 1/4-3/4 or
higher on stems, with well-developed blades,
scarious margins of sheaths projected into
long, blades
ligulelike auricles 1.5-3
terete, hollow, septate, somewhat channeled
wide; involucral bract
above, 0.5-2
1-3(8.5) cm long, bractlike to leaflike, seldom
tall;

singly or a

mm

mm

much exceeding inflorescence; inflorescence
1-8 cm long, with (1) 2-13 heads, heads with
(3)6-13 or more flowers; bractlets subtending, heads membranous, attenuate to caulong; bracteoles
date; pedicels to ca 1

mm

3.5-5 mm long, brown to
purplish black; anthers 1-2 mm long, longer
lacking; tepals

(3)

mm

long, stigmas
than filaments; styles to 3
1-2
long; capsules 1-loculed, equal to or

mm

.
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tritepals,
conspicuously shorter than
quetrous, rounded or rarely slightly retuse at
long, apiculate but
apex; seeds 0.5-0.6

mm

Dry meadow, wet meadow, silver
sagebrush-meadow, and lodgepole pine communities at 2,286 to 3,050 m in Box Elder,
Cache, Daggett, Duchesne, Emery, Garfield, Grand, Kane, Rich, Sanpete, Summit,
Uintah, Wasatch, and Washington counties;
southern British Columbia and Alberta south
to California and New Mexico; 43 (xvii). The
inflorescence is sometimes similar to those of
/. ensifolius and J. longistylis, and plants of
these taxa are sometimes confused. The
leaves are different in each of these. Occasional plants with only 1 or 2 heads are rather
easily mistaken for those of/, mertensianus
not tailed.

Juncus parryi Engelm. Parrys
Perennial caespitose plants (10)15-30

tall,

mm

into auricles less than 0.5

than

mm

1

thick,

channeled

terete,

to

above, not septate; involucral bract 1.5-6(9)

cm long,

leaflike, terete,

more or less

simulat-

tending well up stems, those of stem with
well-developed blades, those of innovations
often without blades, scarious margins of
prolonged
into
short
auricles
sheaths
0.25-1.0
long, blades terete or channeled above, hollow, septate, 0.5-1.5

subtending

borne

cm

long, with

1-4 flow-

singly; bractlets

subtend-

inflorescence 0.7-2.2

often

of

them

often similar to involucral bract but

smaller; pedicels

much

rounded
tepals

to

5-8

1-20

abaxial ones

longer than adaxial; bracteoles
tepals

ovate

to

lance-ovate,

acute or acuminate-attenuate;

mm

long,

shorter than outer and

and more

mm long,

inner ones to

somewhat

stamens
long, anthers 1.5-2
scarious;

6,

less

1

mm

pointed

filaments caO.3

mm
mm long; styles ca
1.5 mm long, stigmas to 3.5 mm long; capsules

cm

a little shorter to a little longer than tepals;

more or

less leaflike; inflorescence

mm

mm

mm

filaments ca 0.8 mm long, anthers
mm long; styles to about 3 mm long,
stigmas ca
mm long; capsules incompletely
3-loculed, to ca 1 mm longer than tepals,

mens

6,

0.6-0.8

1

slender, gradually prolonged into a tardily de-

hiscent stylar beak, sharply triangular in cross
section; seeds 0.4-0.5

mm

long, apiculate.

Wetlands along streams and rivers and in wet
and boggy meadows at (1,250) 1,640 to 2,320
m in Cache, Duchesne, Garfield, Piute, Rich,
Summit, Uintah, Washington, and Wayne
counties; southern Canada and Northern
United States, south in West to (California and
Texas; 36

(xiii).

;

ing pedicels scarious, acute to caudate, or one

wide when pressed; involucral bract 2.5-12
long,

i

ing a continuation of stem, often auriculate;

small tuberlike segments; leaves usually ex-

1.5-7 cm long, congested or rather open,
with 3-12 globose or nearly globose heads;
heads sessile or pedunculate, with (5) 10-25
wide, flowers widely
flowers, 5-12
spreading to divergent; bractlets subtending
heads scarious, acute to cuspidate; pedicels to
ca 1
long; tepals 2.5-3.5
long, subequal, acuminate, acuminate tips shorter than
and not so rigid as in those of/. torreiji\ sta-

'

mm long; blades less

strongly involute below, obscurely channeled

ers, flowers

mm

Rush.

cm

from fibrous roots, lacking rhizomes; stems
terete, about 1
thick; leaves basal and
borne on lower 1/5 of stems, usually only uppermost one with a well-developed blade,
lower sheaths usually tipped with a bristle or
much reduced blade, and uppermost one
sometimes reduced on a few of the stems,
scarious margins of sheaths barely prolonged

Juncus nodosus L. Jointed Rush. Perennial
plants 17-58 cm tall; stems terete, 1-2 mm
thick, arising singly to densely clustered on
creeping rhizomes, rhizomes sometimes with

mm
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body of seeds 0.6-0.7

mm

long, with tails

shorter than or to 0.1

little

mm

longer than

Engelmann spruce, lodgepole pine,
meadow, and alpine communities, on wet to

body.

dry rocky ground, sometimes in rocky
snowflush areas at 2,620 to 3,420 m in Cache,
Duchesne, Iron, Juab, Salt Lake, Summit,
Uintah, and Wasatch counties; British Columbia to Alberta and south to California and
Utah; 50 (v).

Buch. Regels Rush. [J.jonesPerennial plants 10-60 cm tall;
stems arising singly or few together from
creeping rhizomes; leaves basal and extending well up on stems, scarious margins of
sheaths prolonged into inconspicuous or short
auricles; blades flat, 2-4
wide, neither
hollow nor septate; involucral bract 1-4 cm
long; inflorescence with 1-5 globose or hemispherical heads, heads 8-20
across;,

Juncus

ii

regelii

Rydb.].

mm

mm

bractlets subtending heads scarious; bracte-

oles lacking; pedicels ca

4-6

mm

1-2

mm

long; tepals

long, papillose-roughened

on back.

I

I

i

',

•

s

t

GOODRICH: Utah Flora, Juncaceae

April 1986

with a greenish niidstripe flanked by dark
brown and with scarioiis margins, inner ones
slightly shorter and slightly less pointed than
outer ones; stamens 6, anthers 1-1.5

mm

capsules
filaments;
subequal
to
3-loculed subequal to tepals, oblong-ovoid,
truncate to retuse; body of seeds about 0.5
long, tailed at each end, tails about as long
or longer than body. Meadows and along
streams at 2,750 to 3,060 m in Duchesne, Salt
Lake, and Wasatch counties; southern Washington to northern California and east to Montana and Utah; 8 (i). Much like /. longistijlis
but distinct in tailed seeds and more or less
marked by papillose-roughened tepals.
long,

mm

/mucus fenwis Willd. Poverty Rush. [/. dudWiegand; /. interior Wiegand; /. tenuis
var. dudleyi (Wiegand) F. J. Hermann; /.
tenuis var. congestus Engelm.] Perennial,
ley

caespitose plants

22-65 cm

tall,

with fibrous

rhizomes lacking; stems terete, to 1.8
leaves basal and cauline, borne on
lower 1/5 of plant, those of stem mostly with
well-developed blades, some of the basal ones
with blades reduced to bristles, scarious marroots;

mm wide;

gins of sheaths projected into auricles to ca

0.75

mm long; blades flat but soon moderately

to strongly involute, not hollow,

not septate,
wide; involucral bract 2-18 cm
long, leaflike; inflorescence (0.7)1.5-8.5 cm
long, congested to rather open, with (4) 10-50
to ca 2

mm

more

borne singly;
and pedicels
scarious, caudate-acuminate or awned, or
lower ones leaflike and similar to involucral

or

flowers,

flowers

bractlets subtending branches

bract; pedicels obsolete or to 5

mm

long;

bracteoles subtending tepals scarious, ovate
to lanceolate, acute to caudate; tepals

4-5

mm

at

1,135 to 2,380

375

m in Cache,

Garfield,

mm

mm

recognition of these varieties serves

Juncus torreyi Gov. Torreys Rush. Peren20-80 (100)' cm tall; stems
terete, to 6 mm in diameter near base, arising
singly or a few together from robust creeping
rhizomes, rhizomes often with swollen tuberlike segments; leaves well distributed up
stem, scarious margins of sheaths prolonged
into auricles, (1.5)

2-5

mm long; blades terete

sometimes channeled on upper side, hollow,
septate, 1-3 mm thick; involucral bract
1.5-17 cm long, more or less leaflike; inflorescence 1.5-7 cm long, congested, with (1)
3- 13 more or less globose and sometimes burlike heads, heads 6-15 mm across, with 10-50
or

more

flowers, flowers widely spreading,

and some usually reflexed; pedicels short and
hidden in compact heads; bracteoles lacking;
tepals

4-5

mm

long, or inner ones slightly

than inner, outer ones narrowly acuminate or
acuminate-attenuate with hyaline margins
mostly not extending on to acuminate tip,
inner ones mostly acute to slightly acuminate

mens

mm

mm

mm

mm
mm

to

nial plants (10)

shorter, long-acuminate

mm

more

waste time than for any important purpose.)

long, subequal or outer ones a little longer

with hyaline margins often extending to tip;
stamens 6, filaments 0.6-1
long, anthers
0.5-0.8
long; styles and stigmas ca 1.5
long; capsules imperfectly 3-loculed,
1-2
shorter than tepals, obtuse to truncate; body of seeds 0.3-0.4
long, with
apiculate ends to about 0.1
long. Along
streams, washes, ditchbanks, rivers, margins
of ponds and reservoirs, about seeps and
springs, and in meadows and hanging gardens

Daggett, Duch-

Grand, Millard, Rich, San
Juan, Uintah, Utah, Wasatch, Washington,
and Wayne counties; widespread in North
America and introduced in temperate regions
elsewhere in world; 41 (iv). Three intergradient phases can be seen in our plants (var.
dudleyi with cartilaginous, often yellow to
brown auricles about 0.5
long; vars. congestus and tenuis with membranous, usually
greenish or whitish auricles often over 0.5
long, the former with congested panicles
mostly less than 3 cm long, the latter witl>
open panicles mostly over 3 cm long). The
morphological differences are minor at best,
and the taxa are more or less sympatric. Variety tenuis does seem to be more common in
the southern half of the state. (Perhaps the
esne,

and

filaments 0.7-1

rigid at tip; sta-

mm

long, anthers
0.5-0.8
long,
long; styles ca 0.25
stigmas ca 1
long; capsules incompletely
3-loculed, slender, triquetrous, equal to or
slightly longer than tepals, slender stylar beak
long,
tardily dehiscent; seeds 0.4-0.5
apiculate but not tailed. Along streams, rivers, washes, and ditchbanks, at margins of
ponds and lakes, about seeps and springs, and
in saline or alkaline moist to wet meadows,
marshes, and swamps at 850 to 2,010 m in all
Utah counties except Iron, Millard, Piute,
Summit, and Wasatch; southern Canada to
northern Mexico; 112 (iv).
6,

mm

mm

mm

mm
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Juncus triglumis L. Three flowered Rush.

[/.

albescens Fern.]. Perennial plants 4-19 cm tall,
densely caespitose; leaves basal or on lower 1/4
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blades, at least

sheaths

when young;
blades

leaves sheathing,

inflorescence
headlike or spicate to open paniculate; flowers
closed,

flat;

of stems, those of stem with well-developed

subtended by bracteoles; tepals

blades, scarious margins of sheaths projected

capsules 1-loculed, with 3 seeds, dehiscent

mm long; blades about

sepatate; involucral bract

along midribs of carples; seeds with or without
caruncles, sometimes comose with extremely

purplish; inflorescence a

fine hairs.

into auricles to about 0. 75

mm wide, hollow,
5-10 mm long, often
0.5

5-8

solitary head, this

mm

1.

but somewhat smaller than involucral bract;
1

mm

long; tepals

mm

3-4

marked with purple; stamens

tepals or ca

1

mm

about

mm

and

at

tip,

long, tailed at both ends, each

tail

long as body, more or less flattened, scarious.

Wet meadows and

bogs

at

2,800 to 3,810

m

in

Uinta Mountains in Daggett, Duchesne, Summit, and Uintah counties; circumboreal, south in

New

Mexico; 10 (v). Utah
plants are referable to var. albescens Lange.

Rocky Mountains

to

Juncus tweedyi Rydb.

[/.

canadensis var.

kuntzei Buchenau]. Perennial plants

20-40 cm

stems clustered, terete; rhizomes appar-

ently lacking; leaves basal and cauline, scarious

margins

of

(0.5)1-2

mm

sheath

projected
long; blades 1-2.5

into

auricles

mm thick, terete

or nearly so, hollow, septate; involucral bract

somewhat longer than inflores2-8 heads, these with
3-8 mm wide, brown; bractlets

shorter than or

cence; inflorescence with

3-8

flowers,

subtending heads and pedicels scarious; bractelong gradually
oles lacking; tepals 3-4
acute, inner ones equal to or a little longer than
long,
outer; stamens 3, anthers 0.5-0.7

mm

mm

shorter than filaments; capsule slightly longer

than tepals, triquetrous,

more or

less acute,

perfectly 3-loculed; seeds cylindrical with

imtails

mm

1
long at each end. Near Corinne in Bo.x
Elder County (Kuntze 3133, NY). Wet places
about hot springs, Yellowstone National Park,

ca

Wyoming;

hairs especially near collar,

5-42 cm
2.

0(0).

LUZULA DC. WOODRUSH
Perennial grasslike herbs generally with
long spreading hairs along margins of leaf

racemes,

sometimes

1-6

mm wide;

plants

2

tall

Flowers borne

in a

terminal

compound

or headlike inflorescence; leaves 1-3

spikelike

mm

wide;

seeds without or with an inconspicuous caruncle;

mm

ca 1/2 to as

spikelike

headlike; margins of leaves pubescent with long

blackish purple;

trigonous-cylindric body of seeds ca 0.75-1

Inflorescence of few to several congested or re-

mote spikes or

mm

longer than tepals, abruptly tapered to

blunt or subtruncate

tall,

L. parviflora

—

mm long; stigmas and
mm long; capsules shorter or about

anthers 0.5-0.8

styles
1

mm

long as

shorter, filaments to 2

long,

1

6, as

Inflorescence an open panicle, panicle sometimes
drooping; leaves glabrous or nearly so at maturity,
wide; plants 27-77 cm tall
blades 3-11

long,

acute, cream, yellowish, or greenish yellow,

often

6;

long, with (1)2-5

flowers; bracdets subtending pedicels similar to

pedicels to ca

stamens

6;

plants widespread

—

Inflorescence with

L. spicata
1

or

more

lateral spikes,

some

of laternal ones often borne on peduncles to 3(5.5)

cm

long; leaves

spicuous

2-6

caruncle;

mm

wide; seeds with a con-

plants

Mountains

known from Uinta
L. campestris

Luzula campestris (L.) DC in Lam. & DC.
Hairy Woodrush. [Juncus campestris L.; L.
nmltiflora (Retz.) Lej.; L. intermedia (Thuill.)
A. Nels.] Plants 13-42 cm tafl; stems more or
less tufted; leaves basal and cauline, blades
wide, margins with scattered to
flat, 2-6
moderately dense villose hairs ca 2-7
long,
long or longer; involucral bract 3-9
leaflike; some bractlets subtending branches
and peduncles leaflike, others scarious; inflorescence 1.5-5 cm long, usually conspicuously branched, with 3-12 spikes; spikes
5-12
long, sessile or on peduncles to 3
(5.5) cm long, with 5-15 or more flowers;
bracteoles subtending flowers hyaline, entire
long,
or ciliate to fringed; tepals 2-3.5
greenish to brownish, acute or acuminate to
long,
scarcely caudate; anthers ca 0.5-1
filaments about equal anthers; capsules equal
to or shorter than tepals; seeds 1.4-1.7
long, with a whitish caruncle ca 0.3-0.6

mm

mm

mm

mm

mm

mm

mm
mm

long. Lodgepole pine, Engelmann spruce,
and meadow communities at 2,440 to 3, 110 m
in Uinta Mountains in Daggett, Duchesne,
Summit, Uintah, and Wasatch counties;
widespread in temperate regions of world; 10
(vii). Utah plants apparently belong to var.

multiflora (Ehrh.) Celak.
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Luzula parviflora (Ehrh.) Desv. Millet
Woodrush. [Juncus parvifloriis Ehrh.; L.
ivahlenbergii Rupr. misapplied] Plants 27-77
cm tall; stems solitary or few together from
short rhizomes and fibrous roots; leaves basal
and cauline, glabrous or with a few scattered
long-villose

blades

flat,

scarious

cm

and

hairs

2-11

especially

mm

near

collar,

wide; involucral bract

as short as 1

cm

or leaflike and to

than inflorescence,
sometimes sheathing at base for up to 1 cm;
inflorescence 3.5-16 cm long, open-paniculate, with slender flexuous branches; bractlets

4(7)

long,

shorter

subtending branches mostly scarious, sometimes frimbriate toward apex; flowers borne
long or
singly on slender pedicels to 10
2-3 together on short pedicels; bracteoles
subtending flowers hyaline, ovate-acute, enlong,
tire to incised; tepals 1.5-2.5
brownish and partly hyaline, acute to acumi-

mm

mm

nate, subequal; anthers 0.3-0.4, filaments ca

0.5

mm

long; capsules slightly longer than

tepals, blackish purple, shiny; seeds 1.2

mm

long, with obsolete or inconspicuous carun-

each end. Ponderosa pine, aspen,
lodgepole pine, spruce-fir, willow-streamside, and wet meadow communities at 2,300
to 3,475 m in Beaver, Box Elder, Carbon,
Daggett, Duchesne, Garfield, Grand, Iron,
Juab, Piute, Salt Lake, San Juan, Sanpete,
Sevier, Summit, Uintah, and Wasatch counties; circumboreal, extending south in western North America to California and New
Mexico; 84 (v).
cles

at

377

DC. Spike Woodrush.
stems more or less caespitose from fibrous roots, rhizomes apprently
Luzula spicata

Plants

5-40 cm

(L.)

tall;

lacking; leaves basal

and 1-3

mm

and cauline, blades

flat

mm wide or involute and to only 0.5

wide, margins with scattered to moder-

dense long-villose hairs; involucral bract
0.7-4 cm long, bractlike or occasionally leafately

like,

shorter than or equal to inflorescence or

longer; inflorescence 1-3 cm
long often nodding, of ca 4-10 or perhaps
more sessile or subsessile heads or short
spikes that are congested into a continuous or
basally interrupted compound spike, individual heads or spikes with few to several flowers;

occasionally

bractlets subtending spikes or heads scarious

and

bractlike, or rarely leaflike; bractleoles

subtending flowers scarious, fimbriate-ciliate,
acuminate-caudate; tepals 2-3
long, dark
brown or partly hyaline, acuminate or acuminate caudate, inner ones a little shorter than
outer ones; anthers 0.3-0.5
long, ca 1/2 as
long or equal to filaments; capsules a little
shorter than tepals; seeds 1-1.3
long,
caruncle obsolete or inconspicuous, not over
0.2
long. Lodgepole pine, spruce, fir, dry
meadow, wet meadow, streamside-meadow,
alpine tundra, and rarely aspen and oakponderosa pine communities, also in talus and
fefl fields at 2,470 to 3,810 m in Daggett,
Duchesne, Grand, Juab, Piute, Salt Lake,
San Juan, Summit, Tooele, and Uintah counties; circumboreal, south in western North
America to California and Arizona; 65 (vi).

mm

mm

mm

mm

ADVERTISEMENT CALL VARIATION IN THE ARIZONA TREE FROG,
HYLA WRIGHTORUM TAYLOR, 1938
Brian K. Sullivan'

—

Advertisement call variation and male mating success was investigated in a population of the Arizona
Abstract.
Hyla wrightorum, from central Arizona. Dominant frequency of advertisement calls was significantly
correlated (negatively) with male snout-vent length. Males found mating were not significantly larger than nonmating
males, nor was there a significant correlation between sizes of males and females found in ample.xus. These results are
discussed in relation to Renaud's (1977) work with H. tiri^,htorum and in light of recent work with anurans in general.
tree frog,

is

Strawberry along state route 87, Gila County,

Montane
1980)

Arizona, on the night of 15 July 1984. A third
population was observed breeding at Baker Lake

Arizona and
extreme west central New Mexico, and in the
Hnachuca Mountains of southern Arizona (Stebbins 1966, Renaud 1977). Other than discussions
of taxonomy, to date little has been published
concerning this anuran. In his description Taylor

near the intersection of forest route 300 and state
route 87, Coconino County, Arizona, on the
night of 21 July 1984. Calling males were
recorded in the field using a Uher Recorder
(4000 IC) and a Shure Unidyne IV (548) microphone. Immediately after recording a call, the

The Arizona
primarily

tree frog {Hyla wrightonwi)

restricted

the

to

Petran

Conifer Forest Biome (Brown and
along the Mogollon

(1938) placed H.

Rim

wrightorum

in the

species group; subsequently a
thors have considered H.

species

of H.

regilla

Lowe

in central

H. eximia

number

wrightorum

(Jameson et

cloacal

as a subal.

1966,

warrant recognition as full species. Unfortunately Renaud's work remains unpublished and,
hence, largely overlooked.
Here I present an analysis of advertisement
call variation in a population of//, wrightorum
from central Arizona. I compare my results with
those of Renaud (1977) and hope to draw attention to his valuable work. I also examine the
relationship between male size and mating success and test the hypothesis that advertisement
call parameters (frequency, pulse rate, and duration) are predictably related to male snout-vent
length.

Breeding aggregations of //. tcrigJitorum
were observed near the towns of Pine and
Zoology.

Water and

air

the calling site

were collected and toe-clipped
identification.

Thermome-

temperatures were recorded
as well. All recorded males

A sample

for

permanent

of ample.xing pairs was

collected at Baker Lake to test the prediction
that large males

were disproportionately sucForester and

mating (Gatz 1981,
Czarnowsky, 1985).

cessful

in

were analyzed with a Kay 6061 B SonDominant frequency of advertisement calls was measmed to the nearest 100
Calls

agraph.

Hz from

a section taken at call midpoint (Fig.
important to note that in //. wrightorum the advertisement call is somewhat fre(juency modulated, increasing about 400 Hz
from the beginning to the end of a call. Rate of
amplitude modulation was determined by
counting the number of pulses in a 0.15-second portion of a wide-band (filter = 300 Hz)
audio-spectrogram of three calls for each
male, and averaged to yield a mean pulse rate.
1).

It is

Similarly, call durations

Materials and Methods

of

ter.

at

Jameson and Richmond 1971) or as conspecific
with H. eximia (Duellman 1970). However, Renaud (1977) documented that H. eximia, H.
regilla, and H. wrightorum are distinct in their
mori3hology (primarily size) and advertisement
calls, and in light of their allopatric distributions

Department

temperature of the male was measured

with a Schultheis Quick Recording

of au-

were measured

in

seconds directly from audio-spectrograms for
three calls of each frog, and a mean duration

was subsecjuentK- calculated.

Arizona 8.5287,

78712-1064.
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N

Hllililllliiliil^

iiliilt)luiHit!|

Seconds
Fig.

1.

Audio-spectrogram

snout-vent length

(filter

= 300 Hz)

ol'

Hyla wriglitoium acKertiseiiient

call.

Body temperature =

18 C,

= 41 mm.

Table 1. Mean (.x), standard deviation (SD) and extremes for advertisement
oiHyla wrightorum from Baker Lake, Arizona (N = 20 for both samples).

call

parameters, and snout-vent length
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Fig. 2. Dominant frequency of advertisement calls against snout-vent length for 20
Lake, Coconino County, Arizona. Body temperatures = 18 ± 1 C.

snout-vent length (Fig. 2). Neither pulse rate
= -0.24, P = 0.29, N = 20) nor call duration

=

0.12,

(r
(r

P = 0.60, N = 19) were significantly
male size. These results are

correlated with

number of studies of anuran
and support the hypothesis that
dominant frequency is determined by components of the vocal tract directly influenced by
male body size (Martin 1972).

consistent with a
vocalizations

Many

investigators of sexual selection in the

Anura have documented a mating advantage for
large males (see reviews by Kluge 1981, Gerhardt 1982). These workers have argued that
females might select large mates on the basis of
call parameters that are correlated with male
snout-vent length. Such discrimination would
be possible for H. wrighturuni since advertisement call frequency is significantly correlated
(negatively) with male size, presuming that females could detect small differences in frequency. However, males found in amplexus (x ^
40.6
snout-vent length) were not signifi-

mm

cantly

(t

=

0.96,

P

>

0.30,

N =

30) larger than

f/i/Zfl

ivrightorum from Baker

nonmating males (x = 41.3 mm). Further, there
was no correlation between the sizes of males
and females in amplexus (r = -0.04, P = 0.90, N
= 10). Hence, mating success of males appears
unrelated to size, as has been documented for a
number of other hvlids (Fellers 1979, Gatz 1981,
Kluge 1981, Gerhardt 1982, Forester and
Czarnowsky 1985).

My results, as well as the more substantial
work of Renaud (1977), reveal that advertisement calls of//, ivrightorum are distinct from H.
cximia. Calls of//, ivrightorum have a higher

pulse rate and shorter duration than the majority
of Mexican H. eximia (Duellman 1970).

It

is

hoped that this brief report will foster a reassessment of the taxonomic status of this Arizona
anuran.
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